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Among the most valuable natural ecosystems, estuaries and marshes are areas 
of high productivity, have high economic value, and provide numerous 
ecosystem services. However, there is still uncertainty in marsh and estuarine 
carbon budgets and in our overall understanding of the drivers, composition, and 
fluxes of organic matter in these habitats. Part of this uncertainty is due to high 
spatial and temporal variability within these habitats and the range of methods 
used in previous studies. While the number of studies is increasing, there are still 
large gaps in our knowledge of marsh-estuarine interface dynamics. This study 
examined the concentrations, fluxes, and composition of particulate and 
dissolved organic carbon (POC, DOC) and dissolved inorganic carbon (DIC), 
with a focus on the temporal patterns and drivers of carbon pools at the marsh-
estuarine interface. Taskinas Creek, a Chesapeake Bay National Estuarine 
Research Reserve, was chosen for this study as it provides a near-pristine 
location to measure current baseline data and is equipped with long-term water 
quality and meteorological monitoring stations that provided valuable ancillary 
data. Water samples were collected from Taskinas Creek from 2013 to 2018 to 
measure POC, DOC, and DIC concentrations, stable isotopes of carbon and 
nitrogen, colored dissolved organic matter (CDOM), and lipid biomarker 
compounds. Linear mixed effects (LME) modeling identified that the total 
suspended sediments were the primary driver of POC concentrations and marsh 
sources were the primary drivers of both DOC and DIC. Measured carbon 
concentrations were then used calculate carbon fluxes based on parameters 
measured via continuous water quality monitoring at Taskinas Creek, allowing for 
a high-frequency, long-term carbon flux record. On an annual basis, the marsh 
acted as a source of carbon to the York River (53 g C m-2 y-1) but the fluxes of 
the different pools of carbon differed in direction and magnitude. On a net basis, 
the York River was a source organic matter to the marsh (58 to 77 g POC m-2 yr-1 
and 3.9 to 18 g DOC m-2 yr-1) whereas DIC was exported from the marsh (114 to 
193 g DIC m-2 yr-1). Stable isotopes, lipid biomarkers, and CDOM were used to 
determine the primary sources of organic matter at Taskinas Creek. Lipid 
biomarker and stable isotope analyses revealed that POC was primarily derived 
from algal sources, likely originating from the adjacent York River. In contrast, 
CDOM spectral measurements and stable isotopes of DOC and DIC indicated 
that dissolved carbon was primarily marsh-derived, and CDOM was primarily 
composed of humic-like and fulvic-like compounds. These results agree with 
previous studies conducted in similar habitats and within the York River estuary. 
The import of labile POC into the marsh and the export of DOC, DIC, and CDOM 
to the estuary can have important consequences for marsh and estuarine food 
webs, marsh surface stability, and the overall biogeochemistry of these habitats. 
The results found in this study can be used to improve carbon budget models by 
not only providing current baseline carbon concentrations, but also the primary 
drivers and sources of these carbon pools. As these drivers and sources may 
face changes in times of future anthropogenic and climate change, 
understanding how they affect carbon pools can enable better predictions of how 
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The Coastal Ocean Carbon Cycle 
The coastal ocean links terrestrial and oceanic regions through its 
interconnected system of rivers, estuaries, tidal wetlands, and the continental 
shelf (Bauer et al. 2013). These areas are both economically and ecologically 
important despite only encompassing a small portion (~7.5%) global ocean 
surface area. They provide a wealth of benefits not found in other ecological 
domains (Barbier et al. 2011; Windham-Myers et al. 2018). One of these benefits 
is their role in the production, transport, and burial of organic carbon (OC) to the 
adjacent land and ocean (Bianchi 2007). Rates of carbon fixation, respiration, 
and burial in the coastal ocean tend to exceed the global oceanic average 
(Dunne et al. 2007; Herrmann et al. 2015). The coastal ocean is also an 
important area of air-sea exchange of CO2. Previous studies have shown that the 
open ocean and continental shelf, on average, take up atmospheric CO2, 
providing a long-term sink for anthropogenic carbon but that estuaries are 
generally sources of CO2 to the atmosphere (Cai 2011; Barr et al. 2014). Despite 
this importance, our current understanding of the coastal carbon cycle is 
hampered by numerous uncertainties (Fennel et al. 2018; Windham-Myers et al. 
2018). The Second State of the Carbon Cycle Report (SOCCR2) highlighted 
areas of uncertainty within coastal ocean carbon cycling and emphasized the 
need for constrained and reliable carbon budgets. Development of reliable 
carbon budgets will improve understanding of coastal ocean ecological and 
geochemical processes. These models may also enhance our understanding of 
 4 
critical issues in the coastal ocean, such as eutrophication and hypoxia (Diaz and 
Rosenberg 2008), harmful algal blooms (Heisler et al. 2008), and the loss of 
carbon sequestration potential (blue carbon) through human development and 
sea level rise (Pendleton et al. 2012). 
 
Estuaries and Marshes 
 Among the interconnected habitats of the coastal ocean, estuaries play a 
crucial role in maintaining the health of the coastal (Bauer et al. 2013). This is 
due, in part, to the wide range of organic matter (OM) sources within this habitat. 
Allochthonous sources of OM to estuaries include soils and plant detritus from 
watershed sources, primary production from wetlands and shallow vegetated 
areas that flank the estuary, and materials imported from the coastal ocean. 
Variations in watersheds, such as soil type, land use and vegetation, and the 
amount of anthropogenic influence, also affect the quantity and quality of the OM 
delivered to an estuary (Blair et al. 2004). Autochthonous sources of estuarine 
OM can include phytoplankton and benthic autotrophs (Canuel and Hardison 
2016).  
 Directly connected to estuaries, tidal marshes provide additional important 
ecosystem services, including serving as nurseries for economically important 
fisheries, acting as buffers during storms, and reducing erosion from sea level 
rise, storm surge, and tidal inundation. Additionally, they can act as hot spots of 
geochemical activity and can greatly influence estuarine OM. For example, early 
studies emphasized the role of marshes in providing OM and nutrients to 
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adjacent habitats as one of the greatest benefits of tidal marsh systems (Teal 
1962; Odum and de la Cruz 1967). While their “outwelling” role continues to be 
debated, marshes provide a multitude of benefits, including their potential to act 
as filters by removing and retaining suspended sediments and toxic substances 
from the water column (Vance et al. 2003). Other studies emphasize their role as 
sinks of particulate matter (Schubel and Carter 1984). Tidal marshes also act as 
sources of dissolved organic and inorganic carbon (DOC, DIC) to adjacent 
estuarine waters (Neubauer and Anderson 2003; Cai 2011), as regions of OM 
transformation (Jordan et al. 1983), and as regions of carbon sequestration 
(McLeod et al. 2011). Moreover, tidal salt marshes are sources of highly 
photoreactive colored dissolved OM (CDOM) to the coastal ocean (Tzortziou et 
al. 2008; Osburn et al. 2016).  
 Both marshes and estuaries are vulnerable to the effects of human 
activities and climate change (Najjar et al. 2010; Canuel et al. 2012). Tidal 
freshwater marshes, for example, are limited in their ability to migrate landward 
because of coastal development, agriculture, and loss of habitat (Kirwan and 
Megonigal 2013). Freshwater and salt marshes are vulnerable to sea level rise, 
temperature increases, eutrophication, and changes in the intensity and 
frequency of extreme weather events (Canuel et al. 2012). In addition, climate 
change is expected to alter seasonal patterns of precipitation, increasing the 
frequency of storm events and amplifying the intensity of most storms (Najjar et 
al. 2010; Knutson et al. 2010). Previous studies have shown that storm events 
increase export of particulate and dissolved OM (POM, DOM) (Raymond and 
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Saiers 2010; Cammer 2015). Likewise, changes in the composition of DOM have 
also been recorded during storm events (Hood et al. 2006; Fellman et al. 2009; 
Nguyen et al. 2010). Storms and other anthropogenic stressors will alter carbon 
fluxes, nutrient supplies, and the delivery of pollutants (McGuirk Flynn 2008; Diaz 
and Rosenberg 2008). However, the effects of these changes are poorly 
understood due to the general paucity of studies and variability within and across 
study systems.  
 
Study Objectives 
The number of studies measuring carbon fluxes in the coastal ocean, and 
in particular, studies in marshes and estuaries have increased in recent years, 
but there is still high uncertainty in carbon fluxes due to differences in site 
characteristics, variations within habitats, varied methodology, and lack of 
temporal coverage (Windham-Myers 2018). The overarching goal of this 
dissertation was to address these gaps and broaden understanding of the 
amounts and composition of carbon exchanged laterally at the marsh-estuarine 
interface. This dissertation describes the fluxes, sources, trends and drivers of 
POC, DOC, and DIC at the coastal watershed dominated marsh creek-estuarine 
system of Taskinas Creek, VA. Data from this study adds to a growing database 
of information aimed at better understanding coastal carbon cycling, reducing 
uncertainty in the coastal carbon budget, and helping to predict future changes to 
these ecosystems due to human activities and climate change.   
Specifically, this dissertation focused on three objectives: 
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• Objective 1: Identify temporal trends in carbon concentrations and their at 
a coastal watershed-estuarine interface. 
• Objective 2: Calculate carbon fluxes for the marsh creek-estuarine 
interface and identify ways of monitoring carbon fluxes at high frequency 
at tidal to water year timescales at Taskinas Creek. 




 This study was conducted in a coastal watershed system, Taskinas Creek, 
located near Williamsburg, VA USA. Taskinas Creek drains directly into the York 
River estuary which is a sub-estuary of the Chesapeake Bay. Due to its 
connection to the York River, Taskinas Creek is influenced both by exchange 
with the adjacent mainstem of the river and by drainage from its nearly pristine 
watershed (Reay and Moore 2009). The watershed of Taskinas Creek is 
primarily rural to suburban with decreasing agricultural land usage in the last 
century (Myers et al. 2008). Upstream Taskinas Creek is dominated by 
Piedmont/Coastal Plain Oak-Beech/Heath Forests and Coastal Plain/Piedmont 
seepage swamps and transitions to tidal mesohaline and polyhaline marshes 
near the mouth (Myers et al. 2008). Interactions with the York River estuary bring 
estuarine and marine materials into the creek during high and rising tides and 
may also introduce some pollutants from nearby manufacturing and military 
facilities. However, the only recorded water quality issues within recent studies 
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are increased fecal coliform levels in the creek due to the extensive protected 
wildlife populations (Reay and Moore 2009). The tidal wetlands immediately 
surrounding the creek are dominated by Sporobolus alterniflorus (formerly 
Spartina alterniflora) near the mouth, Spartina patens, and Distichlis spicata. 
Increasing amounts of the invasive Phragmites australis have been introduced 
into this system as well (Saltonstall 2002). Near the mouth, where samples for 
this study were obtained, Taskinas Creek has mesohaline salinities, with a range 
of 7.0 to 15.7 (1996-2018), and a tidal range of approximately 1 m (Reay and 
Moore 2009). Due to its proximity to the Chesapeake Bay and Atlantic Ocean, 
Taskinas Creek is susceptible to tropical disturbances in the summer months and 
nor’easters in the winter months, however little storm activity occurred during this 
study. Taskinas Creek is a component of the Chesapeake Bay National 
Estuarine Research Reserve of Virginia (CBNERRVA) system, providing long-
term water quality and meteorological data that were used to analyze and 
interpret results from this study. As the creek is contained within York River State 
Park and the CBNERRVA water quality monitoring station is located near park 
utilities, the sampling area is accessible, enabling a variety of sampling schemes 
and deployments. 
 A portion of this study (Chapter 4) involved a comparison of Taskinas 
Creek with another marsh located in the Chesapeake Bay system. The 
Smithsonian Environmental Research Center (SERC) maintains the Global 
Change Research Wetland (GCREW) which encompasses the Kirkpatrick Marsh 
and Muddy Creek. Muddy Creek water samples were taken to determine the 
 9 
composition of POM and compare that to the composition of POM at Taskinas 
Creek. The Kirkpatrick Marsh is dominated by Spartina patens, Spartina 
cynosuroides, Distichlis spicata, Iva frutescens, and Scirpus olneyi (Tzortziou et 
al. 2008) and has a tidal range of approximately 0.4 m (Jordan and Correll 1991). 
Muddy Creek is in an oligo- to mesohaline regime, but samples for this study 
were taken at salinities of 4.14 to 14.79. As in Taskinas Creek, this marsh has 
had increasing amounts of the invasive Phragmites australis in recent years. 
Muddy Creek connects to the Rhode River which feeds into the Chesapeake 
Bay.  
 
Previous Studies and Knowledge Gaps 
 CBNERRVA has maintained a water quality monitoring station at Taskinas 
Creek since 1995 and a weather monitoring station since 2001. Numerous 
studies have described the vegetation (Perry et al. 1997), pollutant sources 
(Kator and Rhodes 1996), microdetritus (Marsh and Odum 1979), upstream 
composition of DOC (Cammer 2015), and other aspects of Taskinas Creek. 
Many studies have also focused on the adjacent York River estuary (Axelrad et 
al. 1976; Countway et al. 2003; Lake et al. 2013; McCallister et al. 2004, 2006; 
Raymond et al. 2000). Other than Cammer (2015), few, if any, recent studies 
have measured carbon concentrations, fluxes, and composition within this 
marsh-estuarine interface. However, several other studies have focused on 
carbon cycling in similar systems throughout the United States and internationally 
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(Nixon 1980; Childers et al. 2002; Neubauer and Anderson 2003; Tzortziou et al. 
2008; Wang et al. 2016).  
 
Significance of this Study 
 This study addresses an important knowledge gap in our understanding of 
marsh creek-estuarine carbon concentration and flux trends. Information is also 
needed to describe the primary sources and composition of OM at the marsh-
estuarine interface. Recent years have seen an increase in studies focused on 
understanding DOM sources and composition at the marsh-estuarine (i.e., 
Tzortziou et al. 2008, 2011; Clark et al. 2008, etc.) and POM along the estuarine 
salinity gradient (Countway et al. 2007; McIntosh et al. 2015; Canuel et al. 1997, 
etc.). However, gaps remain in our knowledge of OM processing, the impact that 
OM source and composition have on different ecological communities, and the 
role of storm events, sea level rise, and other aspects of climate change on OM 
at the marsh-estuarine interface (Canuel and Hardison 2016).  
 The net carbon fluxes presented in recent publications such as Herrmann 
et al. (2015) and Najjar et al. (2018) show large uncertainties in annual 
estimates. This study aims to understand and reduce these uncertainties through 
the three primary objectives: (1) identify temporal trends in the concentrations of 
carbon and the physical/biological forcings that control the concentrations of DIC, 
DOC and POC at the marsh creek-estuarine interface, (2) calculate carbon fluxes 
at a representative coastal watershed -estuarine interface, and (3) identify the 
sources and  composition of OM at the marsh creek-estuarine system. 
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CHAPTER 2: THE BALANCE OF TIDAL AND SEASONAL DRIVERS OF 


















The terrestrial-aquatic interface is an important hotspot of carbon cycling and 
transformation. Despite this importance, the magnitude and timescales at which 
carbon concentrations vary in these environments are poorly characterized. This 
study, conducted at a coastal marsh creek-estuarine interface, measured current 
baseline tidal creek concentrations of particulate and dissolved organic carbon 
(POC, DOC) and dissolved inorganic carbon (DIC), water quality (temperature, 
salinity, turbidity, dissolved oxygen, chlorophyll-a, phaeophytin, and nitrogen 
concentrations), and carbon source proxies (d13C, C:N, chlorophyll, and colored 
dissolved organic matter (CDOM)) to identify temporal patterns and drivers of 
carbon pools. Measurements were taken every 2.5-hrs over a tidal cycle. Slack 
low tide samples were used to represent marsh sources, whereas slack high tide 
was used to represent estuarine sources. POC concentrations lowest and DIC 
concentrations were highest at slack low tide, indicating that this marsh creek 
system was a sink for POC and a source of DIC. DIC concentrations were 
highest in the fall when respiration typically outpaces production. DOC and POC 
did not vary significantly over seasonal timescales. Linear mixed effect models 
were used to identify which biological and physical processes explained these 
temporal patterns. Suspended sediments were the best predictors of POC 
concentrations, while CDOM was the best predictor of DOC and DIC. Results 
from this study showed that concentrations of the three carbon pools differed in 
magnitude, temporal patterns, and key drivers, providing a more holistic picture 
of carbon exchange at the terrestrial-aquatic interface.  
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Introduction 
 Estuaries rank among the most valued natural ecosystems due to their 
high productivity, wide range of critical natural habitats, economic significance, 
and the ecosystem services they provide to society (Barbier et al. 2011). 
Estuaries are areas of high rates of primary production due to nutrient and light 
availability and areas of high biodiversity due to the array of physical and 
geochemical conditions (Bianchi 2007). These are areas of complex 
biogeochemical reactions as, unlike rivers, estuaries retain organic matter (OM) 
before releasing it to coastal waters (Bianchi 2007; Canuel and Hardison 2016). 
During this retention, estuarine OM may be subject to biotic and abiotic 
processes such as microbial respiration, photooxidation, flocculation, 
scavenging, and burial within the sediments (Hedges and Keil 1999; Staehr et al. 
2012). These processes can have important impacts on the coastal carbon cycle. 
Coastal carbon cycles may be further complicated by the number of 
autochthonous and allochthonous sources of OM to estuaries.  
As a part of the estuarine system, tidal marshes play an integral role in 
estuarine biogeochemistry. Tidal marshes act as sources of dissolved organic 
and inorganic carbon (DOC, DIC) to adjacent estuarine waters (Childers et al. 
2002; Neubauer and Anderson 2003; Wang et al. 2016), These habitats are also 
ecosystem control points or hot spots (Bernhardt et al. 2017; McClain et al. 2003) 
and areas of carbon sequestration (Hopkinson et al. 2012; McLeod et al. 2011). 
Some previous studies have shown that tidal marshes are sinks for particulate 
organic carbon (POC, Schubel and Carter 1984) and store “blue carbon”, which 
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may help to sequester atmospheric CO2 for decades or centuries (McLeod et al. 
2011; Thomas 2014). The processes occurring in estuarine tidal marshes can 
therefore have large impacts on the global carbon cycle. 
 Despite their importance to coastal and estuarine biogeochemistry, tidal 
and seasonal variations in carbon fluxes in estuarine habitats, especially at the 
marsh-estuarine interface, as well as the drivers of these variations remain poorly 
quantified (Benway et al. 2016; Najjar et al. 2018; Windham-Myers 2018). 
Several factors may contribute to this poor quantification. Variability in local 
weather and water quality conditions impact the amount and quality of carbon 
transported between coastal watersheds, tidal marshes, and estuaries. 
Additionally, understanding the direction and magnitude of carbon concentrations 
may be confounded due to differences in sampling duration, frequency, and/or 
location. Herrmann et al. (2015) highlighted the pronounced variability and limited 
number of measurements in current estimates of coastal carbon budgets. Their 
estimate, from 12 previous studies, showed that U.S. East Coast tidal marshes 
export between 4 to 38 mol C m-2 annually. Najjar et al. (2018) performed a 
similar study to compare DIC fluxes for tidal marshes and found four studies in 
eastern North America that led to an estimate of marsh export of 235 ± 120 g C 
m-2 yr-1. Previous studies, such as Gardner and Kjerfve (2006) and Wang et al. 
(2016) highlighted the importance of conducting long-term, high-frequency 
samplings to better constrain carbon and organic matter budgets, and these 
samplings and the data provided by them can be integral in understanding local 
marsh and estuarine carbon budgets. However, variations in tides and seasons 
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can contribute further to high uncertainties in carbon budgets for individual tidal 
marshes (Nixon 1980; Childers et al. 2002; Herrmann et al. 2015; Najjar et al. 
2018). Thus, a better understanding of the processes governing marsh carbon 
fluxes would allow for more accurate estimates and predictions to be made in a 
wider geographic setting. 
Global climate change will have significant impacts on the coastal ocean 
(Canuel et al. 2012). Tidal marshes are particularly vulnerable to sea level rise 
(Barbier et al. 2011; Kirwan and Megonigal 2013), increases in atmospheric CO2 
(Langley et al. 2013), temperature changes (Kirwan et al. 2014), and changes in 
the intensity and frequency of extreme weather events such as storms and 
droughts (Najjar et al. 2010). Carbon concentrations and fluxes will likely become 
more variable in response to rising sea levels, saltwater intrusion, and warming 
(Neubauer and Craft 2009; Canuel et al. 2012).  With these impending changes, 
it is essential to have reliable estimates of carbon concentrations and their 
drivers under current temperature and hydrologic conditions (i.e., tidal ranges, 
seasonal precipitation patterns). This information will contribute to the 
development of more accurate models and predictions of how coastal habitats 
and the processes that influence carbon will change under future climate 
scenarios. As carbon fuels ecological and geochemical processes, quantifying 
these processes and increasing the reliability of carbon budgets can enhance 
understanding of critical issues in the coastal zone, including eutrophication and 
hypoxia (Diaz and Rosenberg 2008), harmful algal blooms (Heisler et al. 2018), 
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restructured food webs (Goldenberg et al. 2017), and the loss of carbon 
sequestration potential (blue carbon) (Pendleton et al. 2012). 
 In this study, we measured the concentrations of three carbon pools, 
POC, DOC, and DIC, concurrently over daily tidal cycles at monthly timescales at 
a coastal marsh creek-estuarine interface in the Chesapeake Bay. These carbon 
concentrations were combined with stable isotope values, carbon to nitrogen 
ratios, and measures of water quality to understand their sources and drivers. 
This study demonstrates that POC, DOC, and DIC concentrations vary as much 
over tidal timescales as seasonal timescales, and that dissolved and particulate 
pools of carbon respond differently to biological and physical drivers. This 
suggests that both short and long-term changes to the environment are critical to 




2.1. Study Site 
 This study was conducted in Taskinas Creek, a representative temperate 
tidal marsh system, which drains into the York River estuary, a sub-estuary of the 
Chesapeake Bay (Fig. 2-1). The York River estuary is formed at the confluence 
of the Mattaponi and Pamunkey Rivers, and Taskinas Creek is located ~15 km 
downstream of the York River’s primary estuarine turbidity maximum and ~5 km 
upstream of the secondary turbidity maximum (Lin and Kuo 2003). This marsh 
creek is influenced by tidal exchange with the adjacent mainstem of the York 
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River (tidal range 0.85 to 0.89 m) and by drainage from its nearly undeveloped 
watershed (Reay and Moore 2009; Myers et al. 2008). Salt marshes within the 
Taskinas Creek system occupy approximately 49% of the total wetland area 
(VIMS 1991). The tidal salt marshes immediately surrounding the lower tidal 
portion of Taskinas Creek are dominated by Sporobolus alterniflorus (formerly 
Spartina alterniflora), Spartina patens, and Distichlis spicata. Taskinas Creek is 
located within the mesohaline portion of the York River estuary and exhibits 
salinity ranges from 7.0 to 15.7 (1996-2018). Interactions with the estuary during 
high and flooding tides introduce marine and estuarine materials to this marsh, 
while the tidal marshes contribute materials to the estuary during ebbing 
conditions (Myers et al. 2008). Located within York River State Park near 
Williamsburg, VA, Taskinas Creek is managed by both the Virginia Department 
of Conservation and Recreation and by the Chesapeake Bay National Estuarine 
Research Reserve of Virginia (CBNERRVA). CBNERRVA maintains an ongoing 
monitoring program at Taskinas Creek that provides water quality and 
meteorological data. Water quality monitoring at Taskinas Creek began in 1995 
and meteorological monitoring began in 2000. 
 
2.2. Monthly Water Sample Collections 
 Water samples were collected monthly from Taskinas Creek beginning in 
October 2013 and continuing through November 2016. Each month, a Teledyne 
ISCO 6712 Full-Portable Automatic Water Sampler collected 950 mL of creek 
water into pre-combusted (450 ºC, 4-hr) glass containers using HCl-cleaned 
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platinum-cured silicone tubing. For each monthly sampling, the ISCO was 
deployed at low slack tide, and samples were collected every 2.5 hr for a 25-hr 
period. The ISCO was filled with ice during the deployment period and samples 
were kept in the dark to reduce microbial alteration. Water samples were 
transported to the Virginia Institute of Marine Science (VIMS) immediately after 
the 25-hr period for subsequent processing. A portion of the water was filtered 
through pre-combusted glass fiber filters (Whatman GF/F; 25 mm diameter, 0.7 
µm nominal pore size) for analyses of POC, particulate nitrogen (PN), 
chlorophyll-a (chl-a), phaeophytin (phaeo), and stable carbon and nitrogen 
isotope values (d13C, d15N). Filtrate from the GF/F filters was collected for 
analyses of DOC, total dissolved nitrogen (TDN), and colored dissolved organic 
matter (CDOM). CDOM samples were additionally filtered through Acrodisc® 25 
mm syringe filters with 0.2 µm Supor® Membranes. An additional aliquot of each 
sample was filtered onto pre-weighed Nucleopore™ 0.45 µm filters to measure 
total suspended solids (TSS). Concurrent with the ISCO samples, additional 
water samples were manually collected for DIC analyses. These samples were 
collected using a Geotech Geopump™ with HCl cleaned platinum cured silicone 
tubing into 8 mL Hungate tubes that were pretreated with 8 µL HgCl2 to prevent 
microbial activity. DIC samples were then immediately capped and stored under 
ice water to minimize alteration and exposure to the atmosphere. These samples 
were only collected during a portion of the study (November 2013 – December 
2014, May 2015) because they required on-site personnel during samplings.   
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2.3. Ancillary Measurements 
Measures of water quality and environmental conditions were obtained 
from measurements made at 15-min intervals at Taskinas Creek by CBNERRVA. 
Water temperature, salinity, turbidity, and dissolved oxygen (DO) were measured 
near the mouth of the creek (same location as the water samples) using YSI V2 
Multi-Parameter Water Quality Monitoring Sondes. In addition to the 
measurements made concurrently with this study, water temperature, salinity, 
and turbidity measurements from 1996 – 2017 were averaged to obtain mean 
monthly water year (Oct 1 – Sept 30) and seasonal values to put this study in a 
broader temporal context. Turbidity values obtained via YSI measurements were 
converted to TSS values using a linear regression (n = 140, r2 = 0.80) between 
TSS values collected during this study and turbidity (NTU) values collected 
simultaneously by the YSI sonde. CBNERRVA also collected samples for 
inorganic nitrogen analyses. Nitrogen concentration analyses were conducted by 
the CBNERRVA Analytical Laboratory using standard methods for ammonium 
(NH4+; Solorzano 1969), nitrite, and nitrate (NO2- and NO3-; Johnstone and 
Preston, 1993). The weather station at Taskinas Creek measured wind speed 
(R.M. Young 05103 Wind Monitor), photosynthetically active radiation (PAR, 400-
700 nm, Apogee SQ-110 Sun Calibration Quantum Sensor), and precipitation 
(Tipping Bucket Rain Gauge – Model# TE525). Water quality, nutrient, and 
meteorological data were obtained from the NERR Centralized Data 
Management Office (NERRS 2018). Long-term precipitation records for 1989 to 
2018 were obtained from the NOAA National Centers for Environmental 
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Information (NOAA NCEI 2018). To estimate streamflow for the York River, 
streamflow measurements were obtained for two USGS gauging stations, Station 
#01674500 (Mattaponi River near Beulahville, VA) and Station #01673000 
(Pamunkey River near Hanover, VA) (USGS 2018). Mean daily streamflow 
measurements (m3 s-1) were available from 1989 to 2018.  
 
2.4. Carbon and Nitrogen Pool Concentrations 
 GF/F filters for POC and PN analyses were dried at 60 ºC to remove all 
traces of water, acidified via acid fumigation using 6N HCl (TraceMetal Grade, 
Fisher Scientific) to remove inorganic carbon (Hedges and Stern 1984), and 
pressed into tin capsules. The capsules were combusted using a Flash Eager 
300 Elemental Analyzer to obtain masses of carbon and nitrogen (Hedges and 
Stern 1984). Acetanilide standard (71.09% C, 10.36% N, Costech) was used to 
create a standard curve and to evaluate the method for precision and accuracy. 
DOC and TDN samples were acidified with 20 µL 6N HCl (TraceMetal Grade, 
Fisher Scientific) to remove inorganic carbon and analyzed using a Shimadzu 
TOC-V with TNM-1 analyzer. Dissolved inorganic nitrogen (DIN) concentrations 
were calculated as the sum of NH4+, NO2-, and NO3- concentrations.  Subtracting 
DIN concentrations from TDN concentrations provided concentrations of 
dissolved organic nitrogen (DON). Within 30 days of collection, DIC samples 
were analyzed with a Licor Infrared CO2 Analyzer following the methods of 
Neubauer and Anderson (2003). 
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2.5. Water Quality Analytical Methods 
 Water quality parameters measured via the ISCO samplings included 
TSS, chl-a, and phaeo concentrations. To measure TSS concentrations, the 
Nucleopore™ filters were dried in an oven at 100ºC for at least 24 hours, then 
weighed hourly until the difference between hourly weights was within ten 
percent. Chl-a samples were analyzed within 30 days of collection and extracted 
overnight using 8 mL of a 45:45:10:0.1 DMSO:acetone:deionized 
water:diethylamine mixture (Shoaf and Lium 1976). These extracts were 
analyzed on a Turner Designs 10-AU Fluorometer to obtain chl-a concentrations. 
Samples were blank corrected using the extraction mixture, and the instrument 
accuracy was checked with a solid standard. An aliquot of 250 µL HCl was added 
to each sample before reanalyzing it on the fluorometer for phaeo concentrations 
(Shoaf and Lium 1976). 
 
2.6. Organic Matter Sources 
 POM and DOM sources were determined using carbon to nitrogen ratios 
(C:N), and d13C and d15N values. C:N ratios of POM (C:NP) were calculated using 
the ratio of POC concentrations to PN concentrations, and the C:N ratios of DOM 
(C:ND) were calculated using the ratio of DOC concentrations to DON 
concentrations (see Section 2.3). Both C:NP and C:ND were multiplied by 1.167 to 
convert the mass ratios to atomic ratios (Hedges and Stern 1984).  
 For d13C and d15N, GF/F filters from the monthly ISCO samplings were 
dried at 60ºC to remove water and subjected to acid fumigation using 6N HCl 
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(TraceMetal Grade, Fisher Scientific) to remove inorganic carbon (Hedges and 
Stern 1984). These samples were then pressed into tin capsules and analyzed 
using a Costech Elemental Analyzer (model 4010) coupled to a ThermoFisher 
DeltaV Isotope Ratio Mass Spectrometer (EA-IRMS) equipped with a Conflo IV 
interface for continuous flow analysis of natural abundance isotopes. USGS-40 
L-glutamic acid (d13C = -26.39‰, d15N = -4.52‰) was used to create standard 
curves for stable isotope analyses and to verify instrument precision and 
accuracy. 
CDOM samples were analyzed spectrophotometrically at the Smithsonian 
Environmental Research Center (SERC). Absorbance scans (wavelengths 270 – 
750 nm) were performed on water samples using a CARY 4E UV-Vis 
Spectrophotometer as in Tzortziou et al. (2008). The absorbance measured at 
440 nm (abs_440) was used in this study as a proxy for CDOM concentrations 
(Stedmon et al. 2003; Hernes et al. 2008). 
 
2.7. Data Analysis 
 Statistical analyses were completed using R (R Core Development Team 
2018). All data collected from the monthly ISCO samplings and water quality 
observations were tested for normality, and log-transformation was used when 
necessary to meet this assumption. Following transformation, Pearson 
correlations were used to determine statistically significant relationships between 
variables. Samples were separated by tide stages (low, rising, high, and falling), 
with low and high tides assigned to sampling times within one hour of predicted 
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low or high slack tide, and by seasons (winter: Dec, Jan, Feb; spring: Mar, Apr, 
May; summer: Jun, Jul, Aug, and fall: Sep, Oct, Nov). We tested the singular and 
interactive effects of tidal and seasonal timescales on the concentrations of each 
carbon pool using linear mixed effect (LME) models that were constructed using 
the nlme package in R (Pinheiro et al. 2016). For these models, season and tide 
stage were used as fixed effects, while individual months were used as random 
effects. The mixed effects model was used to test the effects of season and tidal 
stage, individually, as well as identify interactive effects of tide with season on the 
variables of interest. Each test was checked for heteroscedasticity and normality 
of residuals before performing analyses of variance (ANOVAs) and Tukey 
pairwise comparison tests.  
  LME models were also used to determine the effect of biological and 
physical parameters on the concentrations of the different carbon pools. Models 
used specific water quality parameters and environmental conditions as fixed 
effects. The models for each carbon pool were constructed to reflect processes 
thought to affect specific carbon pools. Before running these models, the raw 
(not-transformed) data of chosen explanatory variables were tested for significant 
correlations. Any parameters with an r value greater than 0.7 were not used in 
the same model (Dormann et al. 2013). Following this, parameters were log-
transformed to achieve normality when necessary, and these transformations are 
noted alongside the results in Table 4. The POC and DOC models included chl-
a, phaeo, DO, TSS, DIN, salinity, and PAR as fixed effects. The DOC model also 
included abs_440. For the DIC model, chl-a, DO, and DIN concentrations, 
 31 
windspeed, PAR, and percent freshwater (%"#) were used as fixed effects. 
Percent freshwater was calculated via Eq. 1 using the salinity at high tide (each 
month), $%&, the salinity at the time the sample was taken, $' (Sheldon and Alber 
2006). 
%"# =	$%& − $'$%&
 
To account for autocorrelation within monthly samplings, the dates of the 
samplings were included as a nested random effect within each model. For each 
model, marginal (variance due to fixed effects) and conditional (variance due to 
random and fixed effects) r2 values were calculated using the piecewise SEM 
package for R (Lefcheck 2016). For models using measured parameters as fixed 
effects, this package was also used to calculate the estimate and standard error 
of the coefficients and the t-value and p-value associated with each coefficient.  
 
3. Results 
3.1. Water Quality and Nitrogen Concentrations 
 The duration and frequency of samplings in this study allowed for 
analyses between tidal stages and seasons, enabling an in-depth view of carbon 
variability and the drivers of variability in this watershed-dominated marsh-
estuarine interface system. To put this study in perspective with longer term 
environmental conditions, mean monthly study conditions are presented in 
context with long-term local hydrologic and water quality trends (Fig 2-2). Over 
the long-term (1995-2018), mean daily streamflow was lowest in summer and 
highest in winter and spring (Fig. 2-2a). Water temperature and precipitation 
(1) 
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were lowest in the winter months and highest in the summer months (Fig. 2-2d, 
c). Peak salinities occurred in summer and fall with lower values in winter and 
spring (Fig. 2-2b). TSS did not track temperature, salinity, or precipitation, but 
rather had peak values in spring and summer and lowest values in fall and winter 
(Fig. 2-2e).  
 The water years sampled for this study, 2014, 2015, and 2016 (WY2014, 
WY2015, WY2016, respectively) had similar mean water temperature, salinity, 
and TSS concentrations to the long-term annual means (Fig. 2-2d, b, e). 
WY2014 and WY2016 had streamflow peaks that exceeded long-term means, 
but WY2015 values generally fell within the first and third quartiles of long-term 
values. Total precipitation for each water year had peaks that also exceeded 
long-term values, particularly during summers, and WY2015 and WY2016 had 
periods in spring and summer that were lower than long-term values. TSS 
concentrations were variable, and during WY2015 and WY2016 experienced 
deviations from long-term trends.  
Ancillary measurements of nitrogen pools and water quality showed some 
significant tidal trends (Figs. 2-3, 2-4; Table 2-1). Primarily, low tide 
concentrations or values were distinct from all other tide stages. Low tide 
samples had lower concentrations of PN and DIN (Fig. 2-3a, d), and lower 
concentrations of chl-a, phaeo, and DO (Fig. 2-4a, b, c), lower concentrations of 
TSS, and lower values of water temperature and salinity (Table 2-1). In contrast, 
DIN concentrations were highest at low tide (p < 0.0005). TDN concentrations 
were lower at low tide than at rising tide (Fig. 2-3b). 
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Of the physical variables (water temperature, salinity, and TSS 
concentrations) only water temperature and salinity showed significant seasonal 
variability (Table 2-1). Mean water temperatures were lowest in winter (p < 0.005) 
and highest in summer (p < 0.005). Spring and summer mean salinities were 
lower than those in fall (p < 0.05).  
Of the remaining ancillary measurements, only concentrations of phaeo 
and DO showed significant seasonal variation (Figs. 2-4). Phaeo concentrations 
were lower in winter than in summer (Fig. 2-4e). DO concentrations were lower in 
summer than in spring and winter, and winter DO concentrations were higher 
than those in summer and fall (Fig. 2-4f). Concentrations of chl-a and all nitrogen 
pools showed no significant seasonal variation. 
Salinity, DO, TSS, chl-a, and DIN showed significant interactions between 
seasonal and tidal timescales (Table 2-1). Most of these significant interactions 
show the same patterns as seen in seasonal or tidal variation, but also 
emphasize what portions of each season do not conform to these patterns. For 
salinity, the lowest salinities were measured at low tide for every season (p < 
0.0005). Salinity at falling tide in the fall was higher than for falling tide in the 
spring (p < 0.05). Similarly, at low tide, fall salinities were greater than those in 
spring and summer (p < 0.05). DO concentrations in fall and summer were lowest 
at low tide (p < 0.0005), as seen in the overall seasonal pattern. Summer DO 
concentrations were lower than those in winter at falling (p < 0.005), rising (p < 
0.05), and high (p < 0.005) tides. At low tide, summer DO concentrations were 
lower than those in spring or winter (p < 0.05), while winter concentrations were 
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higher than those in fall and summer (p < 0.05). The only significant difference in 
fall TSS concentrations occurred between the higher concentrations at rising 
tides than at low tides (p < 0.0005). In winter, falling tide TSS concentrations 
were lower than those at rising tide (p < 0.0005), but higher than those at low tide 
(p < 0.05). Low tide chl-a concentrations in the spring were lower than those at 
falling and high tides (p < 0.0005), and in the fall, low tide chl-a concentrations 
were lower than those in rising and high tides (p < 0.05). Spring and winter low 
tide DIN concentrations were not different than those at falling tide but were 
lower than concentrations at high and rising tides (p < 0.0005). 
 
3.2. Trends in Carbon Concentrations 
 Carbon concentrations varied tidally, monthly, and seasonally (Figs. 2-5, 
2-6). The highest mean monthly POC concentrations for WY2014, WY2015, 
WY2016 were measured in April, May, and June, respectively (Fig. 2-5a). Lowest 
mean monthly POC concentrations were measured in November for WY2014 
and WY2015 and in February for WY2016. Mean monthly DOC concentrations 
were more variable than POC, with the highest mean monthly concentrations 
measured in October for WY2014, March for WY2015, and April for WY2016 
(Fig. 2-5b). Lowest mean monthly DOC concentrations were measured in 
January of WY2014, October of WY2015, and February of WY2016. DIC 
concentrations were only measured for one water year of this study (WY2014); 
the highest mean monthly DIC concentrations were measured in November 2013 
and the lowest were measured in April 2014 (Fig. 2-5c). Both POC and DIC 
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differed by tidal stage (Fig. 2-6). POC concentrations were lowest at low tide (Fig. 
2-6a), while DIC concentrations were highest at low tide (Fig. 2-6c). DOC 
concentrations had no significant tidal variations (Fig. 2-6b). Season had a 
significant effect on DIC concentrations, with significantly higher DIC 
concentrations in fall than in spring (Fig. 2-6f). In contrast, the effects of season 
on POC and DOC were not statistically significant (Fig. 2-6d, e).  
 
3.3. Source and Composition  
As with the carbon pools, the source proxies (C:NP, C:ND, d13C, d15N, and 
abs_440), were affected by varying timescales (Tables 2-1, 2-2). There was an 
overall effect of season on d15N (Table 2-2), but this effect could not be attributed 
to any specific season using Tukey pairwise comparisons. Spring d15N values 
were lower than those found in summer and fall but not significantly (p = 0.08). 
Both d13C and d15N values varied with tidal stage with lower values at low tide 
than at other tide stages (Table 2-2). C:NP and C:ND did not show any seasonal 
or tidal variation. Values of abs_440 values were higher in summer than in fall 
and winter (p < 0.05) and were highest at low tides (p < 0.0005). Of the source 
proxies, abs_440 was the only one to show an interaction between seasonal and 






3.4 Pearson Correlations 
 Pearson correlations between carbon pools and nitrogen concentrations, 
water quality, and source proxies were also determined for this study (Table 2-3). 
Between the three carbon pools, POC and DIC had a significant negative 
relationship (r = -0.66). POC concentrations correlated positively with PN (r = 
0.96), TDN (r = 0.26), and DON (r = 0.30) concentrations and C:NP values (r = 
0.13) and correlated negatively with DIN concentrations (r = -0.25), C:ND values 
(r = -0.29), and d13C values (r = -0.59). DOC concentrations were positively 
correlated with C:NP values (r = 0.23), C:ND values (r = 0.49), and abs_440 (r = 
0.22). In contrast with POC concentrations, DIC concentrations correlated 
negatively with PN (r = -0.63), TDN (r = -0.46), and DON (r = -0.54) 
concentrations and positively with DIN concentrations (r = 0.54), C:ND values (r = 
0.53), and d 13C values (r = 0.51). 
 
3.5 Linear Mixed Effect Models  
 LME models were used to determine whether, and to what extent,  
environmental variables could explain variations in the concentrations of the 
different carbon pools (Table 2-4, Fig. 2-6). In order of decreasing magnitude, the 
significant positive predictors of POC concentrations were TSS, phaeo, chl-a, 
and DO concentrations. Significant negative predictors of POC were DIN 
concentrations and salinity. The marginal r2 for the POC model indicated that the 
fixed effects accounted for 82% of the variability in POC concentrations. For 
DOC concentrations, significant positive predictors were abs_440 and 
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concentrations of DIN, chl-a, TSS, and DO. Fixed effects accounted for 68% of 
the variability in DOC concentrations. DIC concentrations were best predicted by 
%FW (positive), DO concentrations (negative), and PAR (negative), and these 
accounted for 54% of the variability in DIC concentrations. 
 
4. Discussion 
The marsh-estuarine interface is crucial ecosystem control point and 
biogeochemical hotspot, leading to high rates of transformation, productivity, and 
biogeochemical processes (Jordan et al. 1983; McLeod et al. 2011; Hopkinson et 
al. 2012). Physical and biological processes control carbon concentration and 
composition and provide information about the causes of carbon variability at this 
interface. Many of these variables cannot be monitored directly using current 
technology, but a wide variety of proxies, such as those used in this study, have 
been developed to predict and understand the primary processes controlling 
carbon concentrations. Source proxies were combined with measurements of 
water quality and environmental conditions to provide insights into the dominant 
processes and drivers of varying carbon concentrations. This information can be 
used to better understand these habitats under current conditions, as well as 
predict how changing environmental conditions might influence carbon 





4.1. Environmental Context  
 Taskinas Creek provides a near-pristine location where baseline 
measurements can be made to estimate carbon concentration trends in a natural 
setting. A comparison of seasonal and tidal environmental conditions observed 
during this study with long-term (20-yr) and short-term (this study) mean 
conditions allows this study to be put in better context and helps to better 
understand temporal trends occurring in this study system (Fig. 2-2).  
The York River estuary is formed at the confluence of the Mattaponi and 
Pamunkey Rivers, and the magnitude of freshwater discharged from these rivers 
impacts residence times, turbidity, nutrient delivery, and other aspects of water 
quality. Precipitation during this study was more variable than that of the long-
term average (Fig. 2-2c), although no major nor’easters or tropical disturbances 
moved through this region during the study period. However, mean daily 
streamflow within two of the sampled water years (WY2014, WY2016) was 
higher than the long-term mean due to significant peaks in streamflow during the 
springs and summers of these water years. With respect to biological processes, 
the York River estuary and Taskinas Creek are often the location of 
phytoplankton blooms throughout the growing seasons. In the upper York River, 
near Taskinas Creek, chl-a concentrations begin to increase in late winter to 
spring, with a smaller peak observed in late summer (Reay 2009). Similar 
patterns were observed in this study, with higher chl-a concentrations measured 
consistently in spring and summer (Fig. 2-4d, e). These spring blooms are often 
associated with the increased temperatures and can lead to the drawdown of 
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nutrients (i.e., DON, DIN) throughout spring and summer (Fig. 2-3g, h). The 
effects of grazing were seen through the decrease of phytoplankton biomass 
(chl-a) and DO concentrations in late summer and fall (Table 2-1). During this 
time, remineralization of OM can lead to a decrease in particulates and an 
increase in nutrients within the water column. While there were no significant 
seasonal trends in the source proxies, their patterns corresponded with some of 
these processes (Table 2-2). Values of d13C were higher (less negative) and 
values of d15N were lower in spring than in other seasons, consistent with 
estuarine phytoplankton (d13C: -18 to -24‰, Fry and Sherr 1984; d15N: 6 to 9‰, 
Currin et al. 1995). d13C values decreased (became more negative) through 
summer and fall, possibly due to increased contribution of terrestrial soils (d13C: -
23 to -27‰, Cloern et al. 2002) during runoff of late summer storms. In the 
summers of 2015 and 2016, there were peaks in precipitation exceeding the 
long-term means, which could have led to increased runoff (Fig. 2-2). Taskinas 
Creek is a tidal marsh dominated system with a highly forested watershed. The 
upland forests could be a source of OM during times of increased runoff. During 
Hurricane Irene, the upstream regions of Taskinas Creek were responsive to 
storm events and had measured mean d13C values of -27.8 ± 0.7‰ that reflect 
terrestrial sources of OM (Cammer 2015). Mean summer d13C values at Taskinas 
Creek during this current study were not as low as those sampled in during 
Hurricane Irene, however the decrease in d13C values may still indicate the 
influence of summer and fall storms and their ability to provide more terrestrial 
OM to the creek and estuary.   
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While comparisons of seasonal water quality trends gave insights into the 
ongoing, longer-term biological processes occurring in this marsh and estuary, 
tidal trends showed how biogeochemistry in this habitat changed on an hourly to 
daily basis. Results from this study showed that several water quality variables 
were distinct at low tide relative to the other tide stages (Table 2-1). Water 
temperature, salinity, and DO, TSS, chl-a, phaeo, PN, and TDN concentrations 
were significantly lower at low tide. Additionally, carbon source proxies had 
distinct signatures for low tide (Table 2-2). d13C values were significantly lower 
(more negative) than those at other tide stages, consistent with increased runoff 
from soils and leaf litter of the forested areas surrounding the upstream habitats 
of Taskinas Creek (d13C: -27.8 to -28.7 ‰, Cammer 2015) and the York River 
(d13C: -20 to -27 ‰) (Table 2-3; Countway et al. 2007). d15N values at low tide 
were consistent with a marsh source, as the values at low tide were more similar 
to those found in C4 marsh plants (d15N: 3 to 7‰, Currin et al. 1995) than values 
found in estuarine phytoplankton (d15N: 6 to 9‰, Currin et al. 1995). A distinct 
feature of low tide water noted in previous other studies is higher concentrations 
of CDOM (as seen through increased abs440). These high concentrations of 
CDOM have been attributed  to marsh and terrestrial sources (Tzortziou et al. 
2008). This CDOM can be an important source of DOC to the marsh and can 
play key roles in controlling marsh water quality (Hessen and Tranvik 1998). 
Results from this study also showed increased abs440 at low tide, suggesting the 
importance of marsh sources of CDOM to Taskinas Creek (Table 2-2). An 
additional controlling factor in low tide water quality may be dissolved solutes 
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from porewater (Cai et al. 1999). Soil porewater can be an important source of 
CDOM to marshes as marsh soils can act as a processor of both terrestrial 
watershed and marsh OM (Clark et al. 2014), and this could be an important 
source of CDOM in Taskinas Creek. 
 
4.2. Temporal Variability in Carbon Concentrations  
Results from this study document the importance of tidal variation to the 
concentrations of both POC and DIC in Taskinas Creek (Table 2-2). Low tide 
water showed greater influence from the marsh and had lower concentrations of 
POC and higher concentrations of DIC (Figure 2-4). Higher POC concentrations 
at high tide showed that the York River was a source for POM to Taskinas Creek, 
while lower concentrations of POC at low tide may have been a result of the 
marsh acting as a sink for particulates. Several studies have also suggested that 
marshes are sinks of estuarine POC (Herrmann et al., 2015; Childers et al., 
2000). POC concentrations were lower at low tide, and the higher POC 
concentrations and the lower (less negative) d13C values at high tide suggested 
the prevalence of estuarine OM. Similarly, Tzortziou et al. (2011) measured 
higher chl-a concentrations outside the marsh and lower chl-a concentrations 
near the marsh during a transect study in another portion of the Chesapeake 
Bay. They attributed this pattern to chl-a loss processes within the marsh and 
noted it as evidence that marshes may trap suspended materials and algal 
matter. This assertion agrees with our results, as there were significantly lower 
chl-a and TSS concentrations at low tide, while high tide samples had higher 
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concentrations of these constituents. An earlier study within the York River 
estuary, for example, showed that a marsh near Taskinas Creek was a source of 
POC (Axelrad et al. 1976). However, they mentioned that some of this may have 
been due to a storm event during sampling whereas this current study did not 
sample during any significant storm events.  
  While the marsh was not a significant source of POC, the higher 
concentrations of DIC at low tide indicated that the marsh was likely a source of 
DIC to the York River estuary. Several previous studies have highlighted the 
importance of tidal marshes as sources of DIC to adjacent estuaries (Cai and 
Wang 1998; Neubauer and Anderson 2003; Wang et al. 2016). In particular, 
Neubauer and Anderson (2003) working at Sweethall Marsh, a tidal freshwater-
oligohaline system, located along the Pamunkey River, upstream of Taskinas 
Creek, noted a 1.5-fold increase in DIC concentrations between high and low 
tides. Our study had similar results, with a 1.68-fold increase in DIC 
concentrations collected at high and low tide. To help explain the role of marshes 
in regulating DIC concentrations, Wang and Cai (2004) coined the term “marsh 
CO2 pump”. This term reflects the ability of marsh plants to take up atmospheric 
CO2, which is exported subsequently to marsh creeks during low tide, following 
respiration by plants and microbes in the marsh. Wang et al. (2016) also noted 
that some of this atmospheric CO2 may be exported as POC and DOC. Likewise, 
previous studies have reported increased DOC concentrations at low tide in other 
marsh systems in the Chesapeake Bay region (Jordan and Correll 1991; 
Tzortziou et al 2008, 2011). Another study reported a net export of DOC from a 
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marsh within the York River estuary, which also emphasizes marshes as a 
source of DOC to the adjacent estuary (Axelrad et al. 1976). In this current study, 
values of abs440, which were used to trace both concentrations of CDOM and 
DOC, were highest at low tide, consistent with this marsh providing a source of 
CDOM. However, our study noted no significant differences in DOC 
concentrations between tide stages. The other proxy used in this study for DOC 
sources, C:ND, did not show significant tidal variability, possibly a result of the 
mix of similar amounts of marsh and estuarine OM. If the marsh and estuary 
were providing similar contributions of DOC, no significant differences in 
concentrations per tide stage would be seen, as was shown in this study. 
Seasonal patterns have significant impacts on all aspects of the coastal 
environment, thus impacting the concentrations and variability of carbon 
concentrations. Although results from this study suggested trends of higher POC 
and DOC during spring, statistically significant variations were only observed for 
DIC (Table 2-1, Fig. 2-4). Previous studies have highlighted increased OM in the 
York River estuary during spring composed of fresh plankton (McCallister et al. 
2006; Countway et al. 2007; Lake et al. 2013). Compositional studies of POM 
within the Chesapeake Bay also reported an increase in fresh algal material 
during the spring associated with increased nutrients and stratification (due to 
increased streamflow) during the spring (Canuel 2001; Zimmerman and Canuel 
2001). Zimmerman and Canuel (2001) also noted an increase in allocthonous 
POM during fall, however in our study, neither C:NP nor d13C values indicated 
increased allocthonous OM in fall (Table 2-2). Countway et al. (2007) measured 
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values of d13C in the York River Estuary near TC that were similar to the ones 
measured in this study. It may be difficult to resolve the estuarine signal from the 
marsh signal at Taskinas Creek due to the abundance of allochthonous and 
autochthonous OM sources.  
 Unlike OC concentrations, DIC concentrations had significant seasonal 
variability, with higher concentrations in fall and lower concentrations in spring 
(Fig. 2-4). Increased spring chl-a concentrations and decreased fall chl-a 
concentrations showed that the variability in DIC concentrations may have been 
related to primary production and the associated drawdown of DIC. However, 
DIC concentrations are also influenced by respiration within marsh and estuarine 
habitats. Raymond et al. (2000) found minimum CO2 concentrations in the winter 
and spring in the York River estuary coinciding with increased primary 
productivity and high rates of streamflow. Their study also noted a significant 
negative relationship between freshwater flushing rates and DIC concentrations. 
Freshwater flushing lowers residence time and decreases the buffering capacity 
of the water, thus reducing accumulation of DIC and other solutes. In addition to 
flushing/residence time, DIC is influenced by metabolic activity, which increases 
with temperature. In our study, as water temperatures increased throughout 
summer, DIC concentrations increased, likely reflecting increased heterotrophic 
respiration (Fig. 2-4). Results from this study were consistent with previous 
studies in the York River and other systems, where maximum CO2 
concentrations were observed in summer to early fall (Raymond et al. 2000; 
Wang et al. 2016).  
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4.3. Drivers of Variation in Carbon Pools 
 Results from the LME models provided more information about the 
biological and physical processes resulting in the temporal patterns for carbon 
described above. The significant drivers of POC in decreasing order were 
concentrations of TSS, phaeo, chl-a, and DO, and salinity (Table 2-4, Fig. 2-7a). 
Associations with chl-a and phaeo confirmed the importance of phytoplankton 
biomass to POC. In fact, net ecosystem metabolism, and thus the balance of 
primary productivity and respiration, has been cited as the primary control on 
carbon budgets in some coastal ecosystems (Crosswell et al. 2017). While POC 
concentrations were lowest at times of lower salinity (i.e., low tide), a negative 
relationship between POC and salinity appeared as a product of this LME model. 
This relationship may again reflect the importance of primary productivity to POC 
concentrations. Increases in primary producer biomass, as measured through 
chl-a and phaeo concentrations, often occurred in the spring, when freshwater 
discharge from the York River and surrounding watersheds was higher, leading 
to decreased salinity but increased nutrient availability for photosynthesis. The 
strongest relationship with POC in this model occurred with TSS concentrations. 
This positive relationship between TSS and POC concentrations may be 
evidence of the association with turbidity or the abundance of OM within TSS. 
Taskinas Creek sits between the two estuarine turbidity maxima of the York River 
estuary, which could have been significant sources of TSS. This TSS may be 
composed of OM, such as detritus or plant cells, which can impact POC. 
However, it is likely to be primarily mineral matter. Other systems similar to 
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Taskinas Creek but in sediment poor scenarios may see varying results. 
Moreover, high tide (i.e., estuarine) water was consistently enriched in both TSS 
and POC concentrations suggesting either possibility. Overall, POC 
concentrations in this study were primarily driven by both physical (turbidity) and 
biological (primary productivity) activity, as seen in the LME model results and in 
seasonal patterns.  
 Values of abs_440 had the greatest explanatory power with respect to 
DOC concentrations, according to the LME model results, but DIN, chl-a, TSS, 
and DO concentrations also contributed to DOC variability during this study 
(Table 2-4, Fig. 2-7b). The association with abs_440 highlighted the importance 
of marsh and terrestrial sources to controlling DOC concentrations. This 
parameter can be used as a proxy for CDOM concentrations, and previous work 
has shown the importance of marshes as sources of CDOM to coastal 
ecosystems (Tzortziou et al. 2008, 2011). Additionally, previous studies observed 
that much of the DOC measured within the York River estuary was likely from 
terrestrial, river, or marsh systems (Raymond and Bauer 2001; Neubauer and 
Anderson 2003; Countway et al 2007). Other recent studies note similar patterns. 
McGuirk Flynn (2008) measured a positive correlation between discharge and 
DOC concentrations and associated this relationship with increased terrestrial 
sources in other marsh and estuarine habitats. Tzortziou et al (2008) measured 
consistent export of DOC from marshes to the adjacent estuary throughout 
seasons of low and high primary productivity. In addition, Spivak et al (2017) 
found that marsh ponds are likely a source of DOC to the marsh landscape. The 
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association of DOC with DO, DIN, chl-a, and TSS concentrations may indicate 
sources of DOC from primary productivity and the estuary, as was also the case 
for POC concentrations. This was also seen through results from previous 
studies (McGuirk Flynn 2008; Spivak et al 2017). However, higher DIN 
concentrations were measured in marsh (low tide) water than in estuarine (high 
tide) water, and this may further emphasize the importance of marsh and 
terrestrial sources to DOC variability. In summary, DOC variation was likely 
controlled by both marsh sources and by primary production. Sources from 
marsh-derived sources accounted for much of the variability in DOC 
concentrations, but biological activity within the marsh and estuary may have 
played an important role in seasons of high primary productivity. 
 The drivers of DIC concentrations included percent freshwater, DO 
concentrations, and PAR. Similar to the relationship between DOC and abs_440, 
the association of DIC with %FW may reveal the importance of intertidal 
marshes, which have a higher amount of freshwater than within the estuary, as 
sources of DIC to adjacent estuaries (Raymond et al 1997, 2000; Neubauer and 
Anderson 2003; Wang et al 2016). The negative relationship between DO and 
DIC concentrations may have been a product of respiration processes. This was 
also noted in the temporal patterns of DIC, as DIC concentrations increased 
during times of high respiration. Wang et al (2016) concluded that respiration in 
the spring and early summer was primarily controlled by aerobic processes, but 
as summer and fall progressed, anaerobic respiration within marsh soils and 
sediments had increasing influence. Respiration within marsh soils can lead to 
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high concentrations of DIC within porewater, and this porewater can then be 
introduced to the marsh creek through seepage and diffusion through marsh 
soils. The negative, although small, relationship between DIC and PAR showed 
that daylight is a significant driver of DIC variability. Previous studies have shown 
the importance of time of day in respect to changing DIC concentrations (Dai et 
al 2009; Crosswell et al 2017). This is often attributed to increased DIC 
production during times of active heterotrophic respiration at night. While there 
were no correlations between DIC concentrations and PAR measurements via 
Pearson correlations or in ANOVAs performed between DIC and day/night 
conditions, PAR was a significant driver in the LME model, which indicates that 
these day/night effects are significant, although not as strong of a driver as %FW 
or DO concentrations. 
 
5. Conclusion 
The results of the LME model for each carbon pool helped to elucidate 
patterns and drivers that may significantly influence carbon concentrations at the 
marsh-estuarine interface. These combined with seasonal and tidal trends and 
source proxies provided invaluable information concerning these carbon pools 
and how they varied over differing timescales. Together, the drivers in the 
models used in this study accounted for only 82%, 68%, and 54% of the 
variability in POC, DOC, and DIC concentration data, respectively. It is possible 
that the LME models would have had more explanatory power if sampling 
occurred more frequently throughout the year or through higher frequency 
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measurements within each sampling. For individual carbon pools, previous 
studies suggested other drivers that may influence carbon pools that were not 
measured in this study, such as alkalinity, oxidation-reduction potential (ORP), 
and fluorescent DOM (fDOM). Regardless, this study provides evidence for an 
important range of physical and biological drivers for each carbon pool and the 
importance of different timescales to individual carbon pools. These drivers can 
be further studied to estimate how marsh carbon chemistry may be impacted by 
future anthropogenic, ecological, and climatic changes. Furthermore, this study 
emphasized the importance of long-term, high-frequency samplings of multiple 
carbon pools to attain a more holistic view of carbon budgets and habitats and to 
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Figure 2-1. Samples for this study were collected within the Chesapeake Bay (a) 
at Taskinas Creek (black star), which drains into the York River estuary (b). The 
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Figure 2-2. Environmental parameters used in during this study were compared 
to the mean and first and third quartiles of long-term records. Streamflow and 
precipitation long-term values encompass 1989 to 2018, and salinity, water 
temperature, and total suspended solids (TSS) encompass 1996 to 2018. 
Streamflow from USGS gauges on the Mattaponi and Pamunkey Rivers were 
combined to show the approximate patterns of York River streamflow. Long-term 
precipitation data are from the National Center for Environmental Information, 
station Williamsburg 2N. Turbidity values from the CBNERRVA water quality 
monitoring station were converted to TSS using regressions with TSS data 
collected during this study. All salinity, water temperature, and turbidity values 
were measured at Taskinas Creek, and study period precipitation values were 
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Figure 2-3. Mean tidal (a-d) and seasonal (e-h) concentrations of PN (a, e), TDN 
(b, f), DON (c, g), and DIN (d, h). Tides are separated by low slack tide (LT), 
rising tide (RT), high slack tide (HT), and falling tide (FT) and means were 
calculated using time points from every monthly sampling. Seasons are 
separated by winter (W), spring (Sp), summer (S), and fall (F) and were 
calculated using monthly means of each pool. Boxplots show the median (line), 
interquartile range (box), the first and third quartiles (stems), and outliers 
(circles). If one season or tide is significantly different (p < 0.05) from other tides 
or seasons, it is denoted by an asterisk. 
 





























































































Figure 2-4. Mean tidal (a-c) and seasonal (d-f) concentrations of chlorophyll-a 
(chl-a) (a, d), phaeophytin (phaeo) (b, e), and dissolved oxygen (DO) (c, f). Tides 
are separated by low slack tide (LT), rising tide (RT), high slack tide (HT), and 
falling tide (FT) and means were calculated using time points from every monthly 
sampling. Seasons are separated by winter (W), spring (Sp), summer (S), and 
fall (F) and were calculated using monthly means of each pool. Boxplots show 
the median (line), interquartile range (box), the first and third quartiles (stems), 
and outliers (circles). If one season or tide is significantly different (p < 0.05) from 









































































Figure 2-5. Concentrations of POC (a), DOC (b), and DIC (c) for each sampled month. Box plots show the median 
(horizontal lines inside boxes), the interquartile range (25th to 75th percentiles as box ends) and range from the 5th to 95th 
percentiles. Note that February and November 2016 have two samplings (February 1-2 and 17-18), and that the y-axis 




Figure 2-6. Mean tidal (a-c) and seasonal (d-f) concentrations of POC (a, d), 
DOC (b, e), and DIC (c, f). Tides are separated by low slack tide (LT), rising tide 
(RT), high slack tide (HT), and falling tide (FT) and means were calculated using 
time points from every monthly sampling. Seasons are separated by winter (W), 
spring (Sp), summer (S), and fall (F) and were calculated using monthly means 
of each pool. Boxplots show the median (line), interquartile range (box), the first 
and third quartiles (stems), and outliers (circles). If one season or tide is 















































































Figure 2-7. Graphical results of the estimates of linear mixed effect models for POC (a), DOC (b), and DIC (c). Tested 
parameters for each model include chl-a, phaeo, DO, TSS, salinity (sal), DIN, PAR, abs_440, windspeed, and percent 
freshwater (%FW). The more influential a variable is to the carbon pool, the higher (positive or negative) the estimate 
shown. Error bars show the standard error of these estimates. Black symbols are statistically significant, while grey 
symbols are not (p < 0.05). Each model was created with variables that were most likely to influence each carbon pool, so 













































Table 2-1. Linear mixed effect models were performed to determine significance of seasonal and tidal variations on 
carbon pools, environmental variables, and nitrogen pools. F statistic (F) and p-values (p) are presented for each variable, 
and significant values are bolded. Marginal (M) and conditional ® r2 values are reflect the variance explained by fixed 
effects alone or by fixed and random effects combined. 
 
  
  Tide 
  
  Season 
  
  Tide x Season  r
2  
 F p   F p   F p   M C 
Carbon Pools           
POC 48.3 < 0.001  2.70 0.057  0.77 0.646  0.27 0.72 
DOC 2.09 0.10  2.07 0.135  0.46 0.902  0.12 0.38 
DIC 101 < 0.001  5.96 0.012  6.21 < 0.001  0.64 0.83 
Environmental Variables         
Water Temp 10.1 < 0.001  19.6 < 0.001  0.86 0.565  0.66 0.95 
Salinity 142 < 0.001  8.48 < 0.001  4.11 < 0.001  0.55 0.85 
DO 56.2 < 0.001  11.5 < 0.001  2.92 0.003  0.49 0.80 
TSS 38.8 < 0.001  1.73 0.198  3.29 0.001  0.28 0.70 
Chl-a 52.0 < 0.001  2.10 0.128  1.92 0.049  0.27 0.62 
Phaeo 26.3 < 0.001  6.58 0.002  1.21 0.289  0.32 0.58 
Nitrogen Pools         
PN 51.9 < 0.001  2.61 0.075  0.93 0.502  0.26 0.73 
TDN 9.75 < 0.001  0.10 0.960  1.57 0.125  0.07 0.48 
DON 2.28 0.081  0.22 0.880  1.92 0.052  0.07 0.71 
DIN 24.4 < 0.001  2.63 0.076  2.19 0.023  0.25 0.57 
Source Proxies         
d13C 15.2 < 0.001  2.14 0.131  0.36 0.953  0.22 0.59 
d15N 9.08 < 0.001  3.78 0.029  0.63 0.774  0.25 0.46 
C:NP 0.497 0.685  1.43 0.261  1.64 0.105  0.09 0.32 
C:ND 2.41 0.070  1.39 0.282  0.77 0.646  0.15 0.56 
abs_440 60.8 < 0.001  5.04 0.010  2.49 0.011  0.49 0.71 
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Table 2-2. Mean (± S.E.) values for source proxies measured at Taskinas Creek 
VA (USA) during this study. Values for stable carbon and nitrogen isotopes (d13C 
and d15N) of POM, carbon to nitrogen ratios for particulate and dissolved organic 
matter (C:NP, C:ND), and the absorbance of CDOM at 440 nm (Abs_440) are 
shown. Tide means were calculated using time points from every monthly 
sampling. Seasonal means were calculated using monthly means of each pool. 
Low tide values with an asterisk (*) denote a significant (p < 0.05) differences 























d13C (‰) d15N (‰) C:NP C:ND Abs_440  
Seasons      
Winter -24.4 ± 1.05 7.76 ± 0.70 8.73 ± 0.33 21.0 ± 7.75 1.35 ± 0.20 
Spring -23.1 ± 0.79 5.96 ± 0.22 9.04 ± 0.24 38.6 ± 7.18 2.02 ± 0.20 
Summer -24.8 ± 0.43 7.30 ± 0.14 8.35 ± 0.29 41.6 ± 9.62 2.35 ± 0.28 
Fall -25.4 ± 0.43 6.41 ± 0.33 8.36 ± 0.43 22.3 ± 4.50 1.37 ± 0.08 
      
Tides      
Low -25.6 ± 0.23* 6.02 ± 0.15* 8.78 ± 0.16 36.2 ± .86 2.86 ± 0.22* 
Rising -24.1 ± 0.27 6.93 ± 0.19 8.76 ± 0.25 25.7 ± 2.83 1.52 ± 0.06 
High -24.0 ± 0.33 7.01 ± 0.23 8.47 ± 0.16 23.6 ± 3.31 1.25 ± 0.06 
Falling -24.5 ± 0.34 6.86 ± 0.15 8.63 ± 0.21 30.5 ± 2.55 1.70 ± 0.08 
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Table 2-3. Pearson correlation coefficients for dissolved and particulate carbon and nitrogen pools and source presented 
as the r value for each relationship. Data were log-transformed when necessary to meet the assumptions for the statistical 

















Log[POC] p log[DOC] p log[DIC] p 
 
       
log[POC] –  –  –  
log[DOC] 0.11 0.09 –  –  
log[DIC] -0.66 < 0.001 0.01 0.89 –  
       
log[PN] 0.96 < 0.001 0.05 0.46 -0.63 < 0.001 
log[TDN] 0.26 < 0.001 0.11 0.13 -0.46 < 0.001 
log[DIN] -0.25 < 0.001 -0.05 0.63 0.54 < 0.001 
log[DON] 0.30 < 0.0001 0.04 0.44 -0.54 < 0.001 
       
log(C:NP) 0.13 0.02 0.23 < 0.001 -0.14 0.08 
log(C:ND) -0.29 0.002 0.49 < 0.001 0.53 < 0.001 
log(d13C ) -0.59 < 0.001 0.06 0.42 0.51 < 0.001 
log(d15N) 0.20 0.003 -0.13 0.08 -0.12 0.16 
abs_440 0.07 0.32 0.22 0.01 0.02 0.83 
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Table 2-4. Results of the linear mixed effect models performed to determine water quality and atmospheric parameters 
that influence variability in carbon concentrations. For each model, p-values are shown to show significant predictors, and 
significant predictors are bolded. The amount of variability explained by each model is displayed as the r2 value. Marginal 
(M) r2 values reflect the influence of the fixed effects on the model, while conditional ® r2 values reflect the influence of 
fixed and random effects. 
 
    Log[POC] log[DOC] [DIC] 
    Est. S.E. t-value p-value Est. S.E. t-value p-value Est. S.E. t-value p-value 
Water  
Quality 
log[Chla] 0.10 0.04 2.45 0.02 0.22 0.10 2.12 0.04 -0.04 0.02 -1.60 0.11 
log[Phaeo] 0.18 0.06 3.06 0.003 -0.10 0.11 -0.82 0.42 – 
log[DO] 0.01 0.0003 4.68 < 0.001 0.01 0.005 2.91 0.006 -0.48 0.17 -2.84 0.006 
log[TSS] 0.39 0.04 8.66 < 0.001 0.20 0.08 2.69 0.01 – 
Salinity -0.01 0.002 -4.39 < 0.001 0.009 0.004 1.88 0.07 – 
log[DIN] -0.10 0.03 -2.97 0.004 0.24 0.06 4.26 < 0.001 -4.13 6.04 -0.68 0.50 
Abs_440 – 0.57 0.13 4.49 < 0.001 – 
%Freshwater – – 16.57 2.95 5.61 < 0.001 
              
Atm.  
Cond. 
Log(PAR) 0.006 0.008 0.83 0.41 -0.02 0.01 -1.49 0.15 -0.003 0.001 -2.14 0.04 
Windspeed – – -1.62 0.91 -1.79 0.08 
              
r2 
Marginal 0.82 0.68 0.54 
Conditional 0.98 0.96 0.94 







CHAPTER 3: FLUXES OF PARTICULATE ORGANIC, DISSOLVED ORGANIC, 
AND DISSOLVED INORGANIC CARBON AT A COASTAL MARSH CREEK-


















 Coastal carbon budgets remain unconstrained as high-resolution 
measurements of carbon fluxes across the terrestrial-aquatic interface are not 
widely available. This study, conducted at a coastal marsh creek-estuarine 
interface in Chesapeake Bay, used monthly water collections and high frequency 
water quality measurements collected from 2013 to 2016 to estimate aquatic 
fluxes of particulate and dissolved organic carbon (POC, DOC) and dissolved 
inorganic carbon (DIC). Three methods were used to estimate carbon fluxes 
under typical flow conditions, and each used tidal prism volumes to estimate 
water fluxes. The first method extrapolated monthly measurements made on a 
single day to the entire month, the second method interpolated carbon fluxes 
between monthly samplings, and the third used a regression relationship based 
on carbon and measurements of water quality and environmental conditions. 
Calculated carbon concentrations demonstrated the importance of biological and 
physical processes to each carbon pool. Exports and imports of each pool varied 
due to changes in both concentrations and water fluxes. Based on these 
methods, the net annual flux of each carbon pool showed imports of 58.6 to 82.0 
g POC m-2 yr-1, imports of 4.15 to 17.7 g DOC m-2 yr-1, and exports of 114 to 193 
g DIC m-2 yr-1. Upon averaging the regression data, the marsh acted as an 
annual net source of 52.60 g C m-2. This study revealed differences in source or 
sink roles for each carbon pool and highlights the opportunity for more high-
resolution carbon fluxes to be calculated using similar types of data collected 
routinely from monitoring programs.   
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Introduction 
Estuaries and marshes play a crucial role in maintaining the health of the 
coastal ocean. Along the coast of the United States, there are around 900 
estuaries covering 1.09 x 107 ha, which, along with lagoon systems, cover 80-
90% of the Atlantic and Gulf Coasts and 10-20% of the Pacific Coast (Bianchi 
2007). Due to differences in size, geomorphology, and watershed characteristics 
these coastal habitats play a number of different environmental roles. Of critical 
importance is their role in organic matter (OM) transformation, transport, and 
burial (Canuel and Hardison 2016). Along the estuarine salinity gradient, OM is 
delivered from multiple sources, including the watershed, wetlands, and shallow 
vegetated areas that flank the estuary, phytoplankton and benthic autotrophs, 
and tidal exchange with the coastal ocean (Goñi and Thomas 2000; Loh et al. 
2006; Mannino and Harvey 2000). The sources of this OM can significantly 
influence biological and chemical cycling within the water column and sediments 
and determine whether these materials are consumed and recycled by 
heterotrophic microbes, transferred to intermediate and upper level trophic level 
consumers, or preserved in sediments. Differences in watershed characteristics, 
such as vegetation, elevation, lithology, and the amount of anthropogenic 
influence, also affect the quantity of OM and nutrients delivered to the coastal 
ocean (Jaffé et al. 2008; Leithold et al. 2006). 
 Tidal marshes are an integral habitat in the coastal landscape and provide 
important services, including serving as buffers to storm surge, reducing erosion, 
and providing habitat for many species of wildlife. Early studies emphasized the 
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role of marshes to “outwell” OM to adjacent habitats and filter nutrients amongst 
the greatest benefits of estuarine and marsh ecosystems (Odum and de la Cruz 
1967; Teal 1962; Nixon 1980). These areas also have the potential to act as 
filters by removing and retaining suspended sediments and toxic substances 
(Valiela et al. 1973; Vance et al. 2003). Additionally, studies have shown that 
marshes are sinks for particulate organic carbon (POC) (Childers et al. 2002). 
Tidal marshes can also play a key role in coastal biogeochemical cycles as 
possible sources of dissolved organic and inorganic carbon (DOC, DIC) to 
adjacent estuarine waters (Nixon 1980; Cai 2011; Neubauer and Anderson 2003; 
Tzortziou et al. 2011), as regions of OM transformation (Middleburg and Herman 
2007), and as regions of carbon sequestration (Hopkinson et al. 2012; McLeod et 
al. 2011). Additionally, the export of DIC from tidal wetlands and marshes may 
impact CO2 exchange between coastal systems and the atmosphere (Neubauer 
and Anderson 2003; Wang et al. 2016). 
While particulate and dissolved OM (POM and DOM) and inorganic 
nutrient fluxes have been studied in some marshes and estuarine waters, a 
consensus about the magnitude and direction of wetland-estuary carbon fluxes is 
still unavailable (Nixon 1980; Childers et al. 2002; Herrmann et al., 2015; Najjar 
et al., 2018). Herrmann et al. (2015) provided a compilation of total organic 
carbon (OC) export from tidal wetlands to estuaries on the east coast of the USA, 
with a mean of 185 ± 71 g C m-2 yr-1, and Najjar et al. (2018) estimated a net flux 
of 235 ± 120 g DIC m-2 yr-1 for eastern North American marshes, both 
emphasizing the high variability within and between systems. However, 
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estimates of carbon fluxes between wetland systems and estuaries remain 
hindered by the paucity of studies capturing the full range of spatial and temporal 
variability (e.g., limited tidal, seasonal, and geographic coverage). With 
impending changes in temperature, increased frequency and magnitude of storm 
events, and sea level rise caused by climate change, it is essential to have 
reliable estimates of carbon fluxes that encompass current temperature ranges 
and hydrologic events. These data are necessary to improve biogeochemical 
models and predictions for how coastal ecosystems will change under future 
scenarios and to reduce uncertainty in coastal carbon budgets.  
This study implemented a combination of monthly sampling events and 
long-term, high-frequency water quality measurements in order to measure and 
predict POC, DOC, and DIC fluxes at the marsh-estuarine interface. Results from 
three different flux calculation approaches are presented alongside previous 
estimates of carbon fluxes in similar habitats. These results demonstrate the 
advantages of high frequency measurements of multiple carbon pools over 
extended time frames, while comparisons between studies highlight the high 
natural variability between habitats. 
 
2. Materials and Methods 
2.1 Study Site and Data Collection 
All samples for this study were collected at Taskinas Creek near 
Williamsburg, VA (USA) (Fig. 3-1). Taskinas Creek feeds into the mesohaline 
portion of the York River estuary, a sub-estuary of the Chesapeake Bay. 
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Taskinas Creek is influenced both by drainage from its nearly pristine watershed 
and from tidal exchange with the adjacent mainstem of the York River (Myers et 
al. 2008; Reay and Moore 2009). Salinities at Taskinas Creek range from 7.0 to 
15.7 (1996-2018), and high and flooding tides introduce marine and estuarine 
materials to the marshes (Myers et al. 2008; Reay and Moore 2009). Taskinas 
Creek is located within York River State Park and is a component of the 
Chesapeake Bay National Research Reserve of Virginia (CBNERRVA). 
CBNERRVA maintains constant water quality and meteorological monitoring 
programs at Taskinas Creek, and these data are readily accessible through their 
Centralized Data Management Office (NERRS 2018). 
Water samples for this study were collected monthly from Taskinas Creek 
beginning in October 2013 and continuing through November 2016. A Teledyne 
ISCO 6712 Full-Portable Automated Water Sampler was programmed to collect 
950 mL of creek water every 2.5-hr for a 25-hr period. Water was collected with 
HCl-cleaned platinum-cured silicone tubing into pre-combusted (450 ºC, 4-hr) 
glass containers surrounded by ice to minimize alteration due to microbial 
decomposition. Concurrent with the ISCO samplings, water samples were 
collected using a Geotech Geopump™ with HCl-cleaned platinum-cured silicone 
tubing into pre-combusted 8 mL Hungate tubes that were pre-treated with 8 µL 
HgCl2 to prevent microbial activity. These samples were immediately capped and 
stored under ice water to prevent atmospheric and microbial alteration until they 
could be analyzed for DIC concentrations. DIC samples were only collected for a 
portion of the study because they were hand-sampled and required on-site 
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personnel. All water samples were then transported to the Virginia Institute of 
Marine Science (VIMS) immediately after collection for processing. ISCO water 
samples were filtered through pre-combusted glass fiber filters (Whatman GF/F; 
25 mm diameter, 0.7 µm nominal pore size) for analyses of POC. Filtrate from 
the GF/F filters was collected for analyses of DOC. POC filters and DOC 
samples were frozen (-20 ºC) until further analyses could be performed.  
To measure POC concentrations, the GF/F filters were dried at 60 ºC to 
remove all traces of water, acidified via acid fumigation (6N HCl, Fisher 
TraceMetal Grade) to remove inorganic carbon, and pressed into tin capsules. 
These capsules were combusted using a Flash Eager 300 Elemental Analyzer to 
obtain masses of carbon for each sample (Hedges and Stern 1984). Acetanilide 
standard (71.09% C, Costech) was used to create standard curves and evaluate 
the instrument for precision and accuracy. DOC samples were gently thawed at 
room temperature prior to being acidified with 20 µL 6N HCl (Fisher TraceMetal 
Grade) to remove inorganic carbon. Aliquots of these samples were then 
analyzed using a Shimadzu TOC-V analyzer. Within 30 days of each monthly 
sampling, DIC samples were analyzed using a Licor Infrared CO2 Analyzer 
following the methods of Neubauer and Anderson (2003). 
CBNERRVA maintains a long-term water quality monitoring program at 
Taskinas Creek. Using a YSI 6600 V2 Multi-Parameter Water Quality Monitoring 
Sonde, water temperature, salinity, turbidity, dissolved oxygen concentrations 
(DO), water height, pH, and chlorophyll-a concentrations (chla) were measured. 
The YSI was calibrated regularly to remove biofouling and replace batteries.  
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2.2 Water Volume and Mass Flux Calculations 
A tidal prism approach (similar to Neubauer and Anderson 2003) was 
used to estimate water volume fluxes within Taskinas Creek. The volume of 
water entering or exiting the creek for a given time frame was determined by 
multiplying the difference in water height (!") between initial time #$ and final 
time #% for a given time interval by the surface area (&') of the creek (Eq. 1). 
!(#)*	,-./	(12	1515678) = (!";< − (!";>) 	× 	&' 
Using this equation, negative water flux values indicate export from the marsh 
and positive values indicate import from the estuary. Water heights were 
measured at 15 min intervals from the YSI maintained at Taskinas Creek by 
CBNERR.  
To improve the water flux calculations, Light Detection and Ranging 
(LIDAR) imagery was used to create a topographic map of the marshes 
surrounding Taskinas Creek based on the North American Vertical Datum of 
1988 (NAVD88) (Fig. 3-1c; Danielson and Tyler 2018; modified tidal prism 
method). The NAVD88 elevation was matched with the mean sea level of the 
closest NOAA tide gauging station (Station #8637689, Yorktown USCG Training 
Center, VA). Using the YSI water height measurements for October 2013 through 
November 2016 an average water height was calculated, and this was used as 
the mean sea level at Taskinas Creek. This average water height (1.22 m) was 
matched with the NAVD88 value already matched with mean sea level at the tide 
gauge station. Based on this water level, the range of water heights measured at 
Taskinas Creek (0.55 to 2.55 m) were matched to NAVD88 elevations which 
(1) 
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corresponded to a surface area of Taskinas Creek which included the inundated 
area. Water heights below 1.12 m were below that predicted by topographic map 
as land and were assigned the smallest measured surface area (49,162 m2) to 
represent only the creek area.  
Water fluxes for this method were then calculated using Eq. 1 using the 
surface area of the creek at time #%. To verify the accuracy of both calculations of 
water fluxes, a YSI/Sontek Argonaut-XR 1.5-MHz 3D Acoustic Doppler Current 
Profiler (ADCP) was deployed in November 2016 to measure high frequency 
water fluxes. This instrument was unavailable for use at Taskinas Creek during 
other portions of this study. 
From the ISCO samplings, carbon concentrations were available for each 
month when samplings occurred, at 2.5-hr intervals over a 25-hr time period. 
Water fluxes were available for the entire study period using the measured water 
heights and tidal prism calculations. To calculate carbon fluxes, carbon 
concentrations were multiplied by the water flux for each time period. These 
values (in mass per unit time) were then divided by the surface area of the marsh 
at Taskinas Creek (369,889 m2) similar to other studies (CCRM 2013). To 
estimate high-frequency (15-min), short-term (hours to days), and long-term 
(months to years) carbon concentrations, three approaches were used, which are 
referred to hereafter as the single sampling method, the interpolation method, 
and the regression method (Table 3-1). The single sampling method assumed 
that all environmental conditions and carbon concentrations measured during the 
25-hr study were representative of the rest of the month. Thus, the carbon 
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concentrations and water fluxes for each month’s single sampling were used to 
calculate a net flux for that 25-hr period, and that net flux was extrapolated to the 
entire month.  
The interpolation method extrapolated carbon concentrations between 25-
hr samplings and used continuous water height measurements at 15-min 
intervals (Table 3-1). This approach was used to better represent month-to-
month variations in carbon concentrations. To do this, the change in water height 
for each 15-min interval for each month was calculated to identify specific tide 
stages. Time points with negative changes in water height were categorized as 
falling tides, and those with positive changes were categorized as rising tides. 
Time points with no change in water height since the previous measurement 
were marked as low (slack) tide (if preceded by falling tides) or high (slack) tide 
(if preceded by rising tides). For the falling and rising tides, each point was also 
assigned a value to signify the amount of time between high and low tides. This 
was done to differentiate the different levels of rising and falling tides, as carbon 
concentrations varied considerably during these transitional tides.  
For each tide stage per month, a mean low tide concentration was 
calculated for POC, DOC, and DIC for the monthly sampling period. All low tide 
time points between the first low tide of that sampling period and the first low tide 
of the following monthly sampling were used to interpolate the mean low tide 
concentration of the first month to the mean low tide concentration of the next 
month. This was then done for all other tide stages between each sampled 
month, generating a record of carbon concentrations between each monthly 
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sampling based on tidal stage that mimicked gradual changes in carbon 
concentration observed between monthly samplings. 
The regression method was designed to calculate carbon fluxes using 
water quality monitoring data. Multiple regressions were calculated to predict 
carbon concentrations every 15-min throughout the study, corresponding to the 
water fluxes previously calculated for each 15-min interval. Carbon 
concentrations from monthly samplings were matched to YSI parameters 
measured at the same time. Regression analyses for each carbon pool were 
tested using chl-a concentrations, water temperature, salinity, turbidity, DO 
concentrations, water height, pH, and Date*, as shown in Eq. 2, to approximate 





G@(H = Julian Day 
 
2.4 Data Analysis 
All statistical analyses were completed using R (R Development Core 
Team). All data collected from ISCO samplings and YSI measurements, as well 
as calculated concentrations and fluxes were tested for normality, and log-
transformed where appropriate. Once concentrations and fluxes were estimated 
using YSI predictor variables, these values were tested for variability at tidal and 
seasonal timescales, as well as for variability caused by interactions between 
these time scales using two-way ANOVAs. For these analyses, tides were 
defined as low slack, high slack, rising, and falling. Seasons were defined as 
(2) 
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winter (Dec-Feb), spring (Mar-May), summer (Jun-Aug), and fall (Sep-Nov). Each 
test was checked for heteroscedasticity and normality of residuals before 




3.1 Water Fluxes  
 Water fluxes calculated using the modified tidal prism method with LIDAR-
derived creek surface areas ranged from exports of 45.2 L m-2 hr-1 to imports of 
57.7 L m-2 hr-1. There were no significant differences in net seasonal mean water 
fluxes, but there were significant seasonal differences in mean imports (positive 
fluxes) and mean exports (negative fluxes). Mean hourly imports were higher in 
spring and summer than in winter or fall (p < 0.05), and exports were lowest in 
winter (p < 0.0005) and highest in summer (p < 0.0005). 
 ADCP water fluxes were only available for November 2016 (Nov 8 12:00 
to Nov 30 23:45) and were only compared to tidal prism and modified tidal prism 
water fluxes during that period (Fig. 3-2). The were no significant differences 
between overall or negative water fluxes measured by the ADCP and those 
calculated in this study. However, ADCP measured water fluxes were higher than 
those of the tidal prism or modified tidal prism when comparing only positive, or 
imported, water fluxes (p < 0.05). ADCP water fluxes were significantly correlated 
with tidal prism water fluxes (r2 = 0.46, p < 0.0005, Fig. 3-2a) and with modified 
tidal prism water fluxes (r2 = 0.48, p < 0.0005, Fig. 3-2b). For the time the ADCP 
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was deployed, a net import of 76,255 L of water was calculated via the ADCP. 
For that same time period, tidal prism method calculations estimated a net import 
of 15,934 L, and the modified tidal prism with LIDAR estimated a net import of 
27,259 L. While the ADCP measured fluxes that were 4.8 and 2.8 times higher 
than the tidal prism and tidal prism with LIDAR calculations, respectively, overall, 
the tidal prism method captured similar tidal variability as that of the ADCP. 
However, high imports and high exports were underestimated, and low imports 
and exports were overestimated using both tidal prism calculations (Fig. 3-2). 
 
3.2 Calculated Carbon Concentrations  
The final regressions used in this study for POC (Eq. 3), DOC (Eq. 4), and 
DIC (Eq. 5) were created using the significant (p < 0.05) predictor terms for each 
carbon pool. Each equation is also followed by the r2 values to estimate the 
amount of variability captured by each regression formula. 
 
KLM	(1N O⁄ ) = 0.10 × [T&&] + 0.03 × [Mℎ-(] + 0.22 
*X = 0.83, [ < 0	.0005 
 
@LM	(1N/O) = 	0.02 ×!(#)*	T)1[ − 0.02 × &(-565#H − 0.05 × [@L]
+ 0.23 × [" + 0.001 × [T.*^] + 0.21 × @(#)∗ 	+ 0.19	 





@`M	(1N O⁄ ) = 10.70 × @(#)∗ + 0.58 ×!(#)*T)1[ − 0.98 × [@L]
− 0.05 × [T.*^] − 7.53 ×!(#)*")5Nℎ# + 27.99 
*X = 0.80, [ < 0	.0005 
 
The use of multiple linear regressions allowed for calculations of carbon 
concentrations between monthly samplings using YSI water quality parameters 
as predictors (Eqns. 3, 4, 5). Each regression was able to estimate 83.4%, 
31.8%, and 79.8% of the variability of POC, DOC, and DIC concentrations, 
respectively (Fig. 3-3). Calculated carbon concentrations from all three pools had 
significant tidal and seasonal trends. POC concentrations were lower in fall than 
in spring and summer (p < 0.05) and higher at rising tides than at falling or low 
tides (p < 0.0005). DOC concentrations were highest in summer and lowest in 
winter (p < 0.0005), while DIC concentrations were lower in spring and summer 
than in fall and winter (p < 0.05). Both DIC and DOC had higher concentrations at 
low tide (p < 0.0005). 
 
3.3 Temporal Trends in Carbon Fluxes by Calculation 
 For the single sampling calculation method, POC fluxes ranged from 
exports of 321 mg m-2 hr-1 to imports of 709 mg m-2 hr-1, DOC fluxes ranged from 
exports of 1,402 mg m-2 hr-1 to imports of 690 mg m-2 hr-1, and DIC fluxes ranged 
from exports of 1,268 mg m-2 hr-1 to imports of 1,185 mg m-2 hr-1. For water year 
2014 (WY2014), Taskinas Creek had a net import of 63.4 g POC m-2 yr-1 and 
6.71 g DOC m-2 yr-1 and a net export of -148 g DIC m-2 yr-1 (Table 3-2). Net POC, 
(5) 
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DOC, and DIC fluxes calculated via the single sampling method had no 
significant seasonal variability (Fig. 3-4). Mean positive fluxes (or imports) of 
POC were higher in summer than in fall or winter (Fig. 3-5a, p < 0.05), and mean 
negative fluxes (or exports) of POC were highest in summer (Fig. 3-6a, p < 
0.0005). While mean positive fluxes of DOC were higher in spring than in 
summer (Fig. 3-6b, p < 0.05), there were no significant seasonal variations in 
mean exports of DOC. Finally, mean positive DIC fluxes were lower in spring 
than in winter or fall (p < 0.05) and higher in fall than in spring or summer (Fig. 3-
5c, p < 0.05). Mean exports of DIC were highest in fall (Fig. 3-6c, p < 0.005). 
 Calculated via the interpolation method, POC fluxes ranged from exports 
of 373 mg m-2 hr-1 to imports of 708 mg m-2 hr-1, DOC fluxes ranged from exports 
of 1402 mg m-2 hr-1 to imports of 690 mg m-2 hr-1, and DIC fluxes ranged from 
exports of 945 mg m-2 hr-1 to imports of 976 mg m-2 hr-1. Net annual fluxes of 
each pool were higher than with the single sampling method with imports of 82.0 
g POC m-2 yr-1 and 17.7 g DOC m-2 yr-1 and exports of 193 g DIC m-2 yr-1 (Table 
3-2). Mean net POC fluxes were lowest in fall (Fig. 3-4a, p < 0.05), and mean net 
DOC fluxes were higher (positive) in fall than in winter and spring (negative, Fig. 
3-4b, p < 0.05). Mean net DIC fluxes were lower in winter than in spring (Fig. 3-
4c, p < 0.05). Mean positive POC fluxes were significantly different between all 
seasons except spring and summer (Fig. 3-5a, p < 0.0005), while mean negative 
fluxes were significantly different between all seasons except winter and fall (Fig. 
3-6a, p < 0.0005). Mean positive DOC fluxes were higher in spring and winter 
than in summer and fall (Fig. 3-5b, p < 0.0005), and mean negative DOC fluxes 
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were lowest in fall (p < 0.0005) and highest in winter (Fig. 3-6b, p < 0.0005). DIC 
mean positive fluxes were significantly different between all seasons, with 
highest imports in fall and lowest imports in spring (Fig. 3-5c, p < 0.00005). DIC 
mean negative fluxes were highest (most negative) in fall (p < 0.0005) and lowest 
in summer (Fig. 3-6c, p < 0.0005). 
 The third calculation method, the regression method, calculated maximum 
imports of 1143 mg POC m-2 hr-1, 600 mg DOC m-2 hr-1, and 1181 DIC mg m-2 hr-
1 and maximum exports of 852 mg POC m-2 hr-1, 568 mg DOC m-2 hr-1, and 987 
mg DIC m-2 hr-1. Net water year POC imports for WY2014, WY2015, and 
WY2016 were 75.5, 76.7, and 58.2 g POC m-2 yr-1, respectively (Table 3-2). For 
DOC, net annual imports were 8.92 (WY2014), 4.15 (WY2015), and 3.89 
(WY2016) g DOC m-2 yr-1. Lastly, for DIC, there were net exports of 124, 147, 
and 114 g DIC m-2 yr-1 for the consecutive water years. Similar to the single 
sampling method, DOC and DIC mean net fluxes did not have significant 
seasonal variation, but POC mean net fluxes were significantly higher in spring 
and winter than in fall (Fig. 3-4a, p < 0.05). Mean positive POC fluxes were 
higher in spring and summer than in fall and winter (Fig. 3-5a, p < 0.0005). Mean 
negative POC fluxes were highest in summer and lowest in fall (Fig. 3-6a, p < 
0.0005). For both mean positive and mean negative DOC fluxes, there were 
significant differences between all seasons except between spring and fall. For 
both, summer fluxes were highest and winter fluxes were lowest (Figs. 3-5b, 3-
6b, p < 0.005). Mean positive and negative DIC fluxes were significantly different 
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between all seasons, with the highest positive and negative mean fluxes in fall 
(Figs. 5c, 6c, p < 0.0005). 
 
3.4 Water Year Variations in Regression Fluxes 
 Only the regression calculations were able to calculate multiple entire 
water years, as the single sampling and interpolation methods only captured 
water year 2014 (WY2014) and parts of WY2015 and WY2016. Annual carbon 
fluxes for other studies are also compiled for reference (Table 3). There were no 
significant water year differences in net hourly fluxes for any carbon pool (Fig. 3-
7a). When comparing only positive fluxes (imports), POC hourly fluxes were 
higher in WY2014 than in WY2015 or WY2016 (p < 0.0005), DOC hourly fluxes 
were lower in WY2015 than in WY2014 or WY2016 (p < 0.0005), and DIC hourly 
fluxes were higher in WY2016 than in WY2014 or WY2015 (Fig. 3-7b, p < 
0.0005). Negative hourly fluxes (exports) shared similar patterns (Fig. 3-7c). POC 
exports were higher in WY2014 than in WY2015 or WY2016 (p < 0.0005), DOC 
exports were lower in WY2015 than in WY2014 or WY2016 (p < 0.0005), and 
DIC exports were higher in WY2016 than in WY2014 or WY2015 (Fig. 3-7c, p < 
0.05). 
 
3.4 Comparisons of Carbon Fluxes by Calculation Method 
The variability among calculation methods was determined using net, 
positive, and negative hourly fluxes for each calculation and each season. For 
net fluxes (imports and exports combined), there were no significant differences 
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between calculation methods overall or between seasons (Fig. 3-4). Positive 
fluxes (imports) of POC and DIC were also not different between calculation 
methods (Fig. 3-5a, c). Imports and exports of DOC were lower when calculated 
via the regression method than when calculated via the single sampling or 
interpolation methods (Fig. 3-5b, 3-6b, p < 0.05). In particular, winter positive and 
negative fluxes calculated using the regression method were lower than those 
from other calculation methods (Fig. 3-5b, 3-6b, p < 0.05). Lastly, exports of DIC 
calculated using the single sampling method were lower than those calculated 
using the regression or interpolation approaches (p < 0.05), and this was also 
shown through lower summer exports calculated via single sampling calculations 
(Fig. 3-6c, p < 0.05).varied  
 
4. Discussion 
4.1 Predictors of Carbon Concentrations 
 Trends in carbon fluxes at the marsh-estuarine interface are likely to be 
caused by both physical and biological processes, and these processes affect 
each carbon pool differently (Chapter 2; Spivak et al. 2017; Wang et al. 2016). 
Each carbon pool varied seasonally, suggesting the influence of primary 
productivity and respiration as well as varied streamflow and sources. In 
Taskinas Creek, the importance of these processes was noted in POC, DOC, 
and DIC fluxes and concentrations, although other factors had significant 
influence as well. Results of Chapter 2 found a significant relationship between 
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TSS and POC concentrations, while marsh sources were more important drivers 
to DOC and DIC concentrations. 
In our study, the two predictors of POC concentrations via the regression 
model were TSS and chl-a concentrations. Taskinas Creek is located between 
the two estuarine turbidity maxima of the York River, which may have been an 
important source of suspended matter to Taskinas Creek during our study. 
Countway et al. (2007) measured high concentrations of particulate OM near 
Taskinas Creek and suggested that resuspension of sediments may be the 
primary reason. Taskinas Creek is upstream of a narrowed portion of the York 
River, and this may have increased re-suspension due to during increased 
streamflow or rain events (Dellapenna et al. 1998; Arzayus and Canuel 2005). 
These high turbidity regions within the York River tend to have a higher 
percentage of fine sediment due to tidal and estuarine circulation (Friedrichs 
2009), and OM is often sorbed to mineral particulate matter within estuaries, 
especially the smaller size fractions (Hedges and Keil 1999; Wakeham and 
Canuel 2016). The combination of the proximity of these turbidity maxima and 
the OM associations with fine sediment was likely an important transport 
mechanism for POC to Taskinas Creek. 
 Chl-a concentrations were another significant predictor of POC 
concentrations in our regression analyses. This is again in agreement with the 
work presented by in Chapter 2 which showed that chl-a concentrations, which 
can be a proxy for phytoplankton biomass, were a significant predictor of POC 
concentrations in linear mixed effect models. In that study, chl-a concentrations 
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had less explanatory power as other parameters such as TSS concentrations or 
salinity. This lessened effect of chl-a concentrations was also shown in our 
regression analyses, however salinity was not significant (Eq. 2). Additionally, 
Countway et al. (2007) indicated that the primary source of particulate OM in the 
York River was autochthonous phytoplankton and zooplankton. Other studies 
showed that York River OM, which enters Taskinas Creek during flooding tides, 
is likely from fresh, labile sources, such as estuarine spring phytoplankton 
blooms (Canuel 2001; Zimmerman and Canuel 2001; McCallister et al. 2006). 
 While temperature, salinity, and turbidity were significant predictors of 
DOC concentrations, pH and Date* had more explanatory power (Eq. 3). 
Tzortziou et al. (2008) showed that marshes can be an important source of DOC 
to adjacent estuaries and that this DOC was likely derived from marsh plants and 
soil leachates. This is in contrast with the positive association with pH found in 
the regression calculations as pH values are generally higher in salinity estuarine 
waters. However, the York River is influenced by extensive wetlands upstream of 
Taskinas Creek and within the Pamunkey and Mattaponi Rivers which combine 
to create the York River estuary. Terrestrial DOC may have been exported from 
these forested wetlands and upstream marshes and entered Taskinas Creek 
through estuarine waters, creating the positive association of pH to DOC 
concentrations. The Date* parameter was introduced to the regression formulas 
to estimate the importance of season as in Wang et al. (2016). The highest (most 
positive) values of Date* occur in late fall to early spring, with the highest value of 
1.00 at Dec 31. Date* had a positive effect on DOC concentrations in the 
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regression formula, which showed that higher DOC concentrations would occur 
between late fall and early spring. While this time is generally associated with low 
primary production, in Chapter 2, we found evidence of a spring bloom, through 
elevated POC concentrations in early February 2014. Additionally, Raymond and 
Bauer (2001) noted that the autochthonous sources of DOC were present in 
every season and could be the result of both phytoplankton and marsh sources. 
Both marsh and estuarine sources and primary productivity likely contributed to 
variability in DOC concentrations, however the ability to predict DOC 
concentrations in this study was lower than that of POC and DIC concentrations. 
Further sampling with other water quality parameters could potentially improve 
these regression calculations.  
 Marsh water and heterotrophic respiration were likely the primary sources 
of DIC to Taskinas Creek. The negative relationship with DO concentrations 
likely reflected oxygen demand during heterotrophic respiration within the water 
column and sediments. Much of the heterotrophic respiration within the York 
River estuary and surrounding marshes occurs during late summer and early fall 
(Raymond et al. 2000), which coincides with higher Date* values, a significant 
predictor DIC concentrations. Additionally, turbidity and water height were 
negative predictors of DIC concentrations, both of which are generally reduced 
during low tide (Chapter 2) suggesting that the marsh may have been a source of 
DIC. Within marshes, drainage of marsh porewater, marsh plant decomposition, 
or sediment metabolism were potential sources of DIC to creek water, and this 
could lead to high DIC concentrations relative to the adjacent estuary (Neubauer 
 90 
and Anderson 2003). Recent studies have documented these increased marsh 
creek DIC concentrations relative to estuarine waters, and this can be an 
important source of DIC to coastal waters (Cai 2011; Neubauer and Anderson 
2003; Wang et al. 2016). 
 
4.2 Calculated and Temporal Variations in Carbon and Water Fluxes 
 The methods used in this study to estimate water and carbon fluxes were 
chosen as both the best options for this study site and to emulate strategies from 
similar previous studies. Both the traditional and the modified tidal prism water 
flux calculations were consistent with the ADCP measured water fluxes overall 
but underestimated hourly water imports. This was in contrast with findings from 
previous studies that suggest that this method has higher uncertainties in export 
volumes (Downing et al. 2009; Ganju et al. 2012). Indeed, ADCP measured 
water fluxes showed higher imports and exports during periods of increased tidal 
amplitude, and the tidal prism overestimated fluxes when the ADCP showed that 
fluxes were minimal (Fig. 3-3). For the period when the ADCP was deployed, the 
ADCP flux estimates were almost five times the flux estimate of the tidal prism 
method. Additionally, both tidal prism and modified tidal prism calculations 
resulted in total net imports of water into Taskinas Creek, rather than the 
expected net exports. However, the overall patterns of the tidal prism calculations 
follow those of the ADCP water fluxes, and the tidal prism was the best available 
option when the ADCP was not available. When comparing the tidal prism and 
modified tidal prism calculations, few significant variations were measured, with 
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the exception of export fluxes. The modified tidal prism calculations showed 
larger water exports than the traditional method, likely a result of using varying 
surface areas to represent inundated areas adjacent to the creek, rather than just 
the creek area alone (Fig. 3-3).  
 The differences in carbon flux calculation methods also showed significant 
variability, both across water years and seasons. The single sampling method did 
not significantly vary from the interpolation or regression calculations in most 
analyses, likely due to the limited number of daily fluxes available (n = 15 – 26) 
compared to the interpolation (n = 426 – 753) and regression (n = 910 – 912) 
(Fig. 3-6). Wang et al. (2016) showed the importance of continuous monitoring to 
calculating DIC fluxes noting that this methodology allowed for the inclusion of 
varying tidal cycles, environmental conditions, and even storm events. In our 
data, all seasons showed variability in imports and exports (Figs. 3-5, 3-6). This 
shows the complex and ephemeral nature of some of the processes occurring in 
this coastal ecosystem. Additionally, tidal variation, turbidity, storm events, and 
other physical factors may play an important role in these varying carbon cycles. 
These active biological and physical changes to these carbon pools can create 
significant variability within tidal and seasonal estimates (Chapter 2), which 
reiterates the findings of Wang et al. (2016).  
Seasonal trends in carbon fluxes matched similar seasonal trends of 
carbon concentrations previously measured at Taskinas Creek (Chapter 2). 
Those results showed significantly increased DIC concentrations in fall and, 
although not significant, increased POC concentrations in spring and summer 
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and increased DOC concentrations in spring. Across the calculation methods, net 
POC fluxes were lowest in fall and higher in spring and winter. The separation of 
positive and negative fluxes showed that the marsh creek exported more POC in 
winter than in summer, and it imported more POC in spring and summer than in 
fall and winter (Figs. 3-4, 3-5, 3-6). The York River near Taskinas Creek 
generally experiences late winter to early spring phytoplankton blooms (Reay 
2009, Chapter 2, Fig. 2-5). These phytoplankton blooms can lead to increased 
POC concentrations. Additionally, late winter, early spring increases in river flow 
in the York River estuary may bring more constituents into Taskinas Creek 
(Kniskern 2001), leading to these higher imports of POC. Taskinas Creek also 
showed higher exports of POC in summer, similar to previous studies (Axelrad et 
al. 1976; Dame et al. 1986; Williams et al. 1992; Taylor and Allanson 1995). 
Axelrad et al. (1976) attributed this increase to increased scouring of the marsh 
surface, however this would likely lead to increases in larger floating materials. 
Another study attributed their increased POC fluxes to increased primary 
productivity (Roman and Daiber 1984). Decreased POC fluxes in fall have been 
previously attributed to high bacterial and fungal export due to the influx of 
phytoplankton in summer (Dame et al. 1986). 
 While POC fluxes showed a net import throughout the seasons, DOC 
showed a net export in spring and winter and a net import in fall (Fig. 3-4). Other 
studies have shown this increased spring and winter export of DOC as well. 
Williams et al. (1992) attributed higher exports of DOC to increased freshwater 
flow in spring. The combination of upland runoff, increased streamflow, and tidal 
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currents likely leached materials from the marsh soils and led to increased 
concentrations and increased exports. was Like POC, imports of DOC to 
Taskinas Creek were higher in spring or summer (depending on calculation 
method) and lower in fall (Fig. 3-5b), and, as with POC, these may be attributed 
to increased phytoplankton blooms in spring and increased respiration and 
remineralization in fall. Seasonal DOC exports varied depending on the 
calculation method, however this may have been caused by the high uncertainty 
in the DOC regressions. The interpolated calculations show increased exports in 
winter, which would be consistent with increased runoff and streamflow leading 
to leaching of DOC from soils, and lower exports in summer, which would be 
during a period of respiration and decreased streamflow.  
DIC fluxes showed increased imports in summer for the regression 
method and in fall for the interpolation method (Fig. 3-5c), however all methods 
showed that exports of DIC were highest in fall and lowest in spring (Fig. 3-6c). 
Increased imports could reflect the importance of increased streamflow in spring 
(Chapter 2, Fig. 2-2). However, DIC concentrations decreased in spring likely 
due to increased primary production, and Wang and Cai (2004) reported that as 
a reason for decreased marsh DIC exports. The studies reported in Table 3-3 
consistently measured high exports of DIC in the summer, unlike in this present 
study (Neubauer and Anderson 2003; Wang and Cai 2004; Wang et al. 2016). 
They primarily attributed these large exports to increased heterotrophic 
respiration, although Neubauer and Anderson (2003) suggested the importance 
of groundwater with high DIC concentrations to marsh-estuarine DIC fluxes. 
 94 
Finally, our study measured highest exports of DIC in fall, as did Wang et al. 
(2016). Wang et al. (2016) reported increased exports of DIC in fall attributed to 
increased heterotrophic respiration, however Wang and Cai (2004) reported 
lower fall DIC exports. 
 
4.3 Comparisons of Flux Calculations Across Studies 
 A comparison of carbon fluxes across multiple studies is often complicated 
by varied locations, environmental conditions, sampling methods, and the 
sampling of only one or two carbon pools. Most of the studies in Table 3 share 
some of these characteristics with our study, including similar geographic 
location, marsh surface areas, tidal ranges, or salinities. With the exception of 
Taskinas Creek, Table 3-3 presents the studies in order of their latitudinal 
position, with the northernmost studies first. In this arrangement, no obvious 
patterns of carbon fluxes by geographic location are evident. Additionally, when 
comparing the studies in Table 3-3 and carbon fluxes calculated in this study, 
only DIC fluxes are consistent with studies conducted in systems with similar 
surface marsh surface area, salinity, tide range, or location. Neubauer and 
Anderson (2003) conducted their study in the headwaters of the York River 
estuary within 100 km of Taskinas Creek with similar tidal ranges and salinities to 
this study. Their DIC fluxes fall within the interannual net DIC fluxes calculated 
via our regression method. Wang and Cai (2004) conducted their study in a 
Georgia marsh that had a similar surface area to that of Taskinas Creek and 
reported similar net annual DIC fluxes. Other studies with similar characteristics 
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to Taskinas Creek had carbon fluxes that differed substantially from what was 
reported in our study. Although the number of studies measuring the lateral 
transport of carbon between marshes and estuaries is increasing, there is still too 
much variability to begin to determine trends based on these parameters alone. 
 In addition to varying physical features, the 17 studies summarized in 
Table 3-3 used a variety of sampling schemes, instrumentation, and calculations. 
These studies spanned timespans of a few weeks (Findlay et al., 1998) to 
several years (Gardner and Kjerfve, 2006) and sampled as infrequently as once 
per study (Findlay et al., 1998) or once per season (Dame et al., 1986; Neubauer 
and Anderson, 2003; Taylor and Allanson, 1995) to as frequent as every 10.2 
days (Dame et al., 1991) or four times per month (Woodwell et al., 1977). In 
addition, the frequency at which measurements were taken per sampling varied 
from every half hour (Dankers et al., 1984; Jordan et al., 1983; Taylor and 
Allanson, 1995) to two to three hours (Borey et al., 1983; Gardner and Kjerfve, 
2006). Some studies utilized transect measurements (Dame et al., 1986; Wang 
and Cai, 2004) while most were taken at a stationary location. As a result, when 
trying to estimate regional carbon fluxes, these studies may not be directly 
comparable. 
 Of the studies described in Table 3-3, at least four general methods were 
used to determine water fluxes, and some studies did not list their method of 
determining net fluxes. Like this study, Neubauer and Anderson (2003) used the 
tidal prism volume to estimate the amount of water exchanged with the tides. 
However, their water volume calculation did not include the effects of inundation 
 96 
that this study incorporated using LIDAR imagery for the regression method. The 
tidal prism method of calculating water fluxes is useful in situations where the 
study system lacks a way of measuring velocity to calculate discharge or a way 
to measure discharge more directly (i.e., ADCP). This model, however, does not 
incorporate all of the contributions to tidal creek discharge, such as mixing or 
delivery of groundwater and freshwater from the watershed. This could lead to 
underestimated exports from the marsh to the estuary. Additionally, this 
approach fails to capture tidal extremes at high and low tides (Fig. 3-3). During 
our study, there were no ways of directly measuring water velocity or discharge 
at Taskinas Creek, except for a short deployment of an ADCP. Therefore, while 
this method can underestimate some fluxes, it is one that can be used in 
locations with limited instrumentation, such as Taskinas Creek. Of the other 
studies, 12 used a combination of water velocity and measurements of the sub-
basin area to calculate water discharge (Table 3-3).  
 The majority of the studies in Table 3-3 used methods similar to this 
study’s single sampling calculations; however, a few used methods similar to the 
regression calculations (Williams et al., 1992; Dame et al., 1991; Wang et al., 
2016), and two used methods similar to the interpolation calculations (Borey et 
al., 1983; Jordan et al., 1983). Gardner and Kjerfve (2006) sampled over a period 
of 8 years and sampled every 20 days, which likely captured a wide array of 
conditions and led to more accurate results. Likewise, studies that used 
methodology similar to our interpolation methods (Borey et al., 1983; Jordan et 
al., 1983) may have incorporated gradual monthly or seasonal variations in their 
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calculations. In our interpolation calculations, high-frequency water height 
measurements were included with the interpolated carbon concentrations in an 
attempt to include variability induced by changes in water flow that was 
unaccounted for in the single sampling method. In using calculations similar to 
this study’s single sampling and interpolation methods, much of the short-term 
variability in carbon fluxes is likely to be missed. However, our regression method 
used continuously monitored water quality data, and, if the drivers and 
relationships between these carbon pools and water quality parameters remain 
true during storm events, this could be used to measure carbon fluxes during a 
variety of storm events. 
 
5. Conclusions 
This study calculated fluxes and determined easily measured predictors of 
POC, DOC, and DIC within a temperate marsh-estuarine interface. The 
calculated fluxes showed that imports and exports varied seasonally due to both 
changes in water fluxes and biological activity. Additionally, the methods used to 
calculate water fluxes had a significant effect on magnitudes of import or export, 
while the methods used to calculate net carbon fluxes also created significant 
differences. The comparison with other studies reiterated this and highlighted the 
lack of consistency in both methodology and results from over 40 years of 
studies.  
Current measurements of carbon fluxes between wetlands and estuaries 
are limited by the paucity of studies capturing the full range of spatial and 
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temporal variability (e.g., limited tidal, seasonal, and geographic coverage). The 
marsh-estuarine interface is an area of important land-ocean interactions with 
important ties to the coastal carbon cycle. With climate change effects such as 
increased temperatures, storm events, and sea level rise caused by climate 
change, it is essential to have reliable baseline estimates of carbon fluxes that 
encompass current temperature ranges and storm events. These estimates can 
improve current carbon budgets and biogeochemical models.  
 While this and similar studies were designed to add valuable data to 
coastal carbon budgets, these results emphasize the high variability in carbon 
fluxes and in the methods used to calculate them. For reliable carbon budgets, 
data need to be collected and analyzed using similar methodologies to ensure 
variability is due to natural patterns, rather than sampling deficits. Our three 
annual estimates of net fluxes of three carbon pools show the variability that can 
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Figure 3-1. This study was conducted at the marsh-estuarine interface for a 
temperate marsh (Taskinas Creek; black star in (b)) in the Chesapeake Bay (a), 
that drains into the York River (b), a sub-basin of the Chesapeake Bay. LIDAR 
imagery used to map the areas of possible marsh inundation (c). 
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Figure 3-2. A comparison of ADCP-derived water fluxes (black line) and tidal 
prism calculated water fluxes (grey diamonds) for 15 min intervals during 
November 2016. This study used the traditional tidal prism calculation approach 
based on changed in water depth and static surface area (a) as well as the 
change in water depth and varying surface areas derived from LIDAR imagery to 
approximate inundation (b). The two methods had a similar relationship with 
ADCP water fluxes. ADCP-derived water fluxes captured the periods of higher 
discharge at rising (positive values) and falling (negative values) tides better than 














































































ADCP (L 15 min-1) = 0.89´(TP) + 32,450 
r2 = 0.46, p < 0.001 
ADCP (L 15 min-1) = 0.84´(TP•LIDAR) + 28,430 
r2 = 0.48, p < 0.001 
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Figure 3-3. Linear regressions showing relationships between measured POC 
(a), DOC (b), and DIC (c) concentrations and those calculated using the 
regression formula. For each carbon pool, a one to one line is plotted as the solid 
black line in each plot. POC and DIC regression calculations were able to more 
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Figure 3-4. Net seasonal fluxes of POC (a), DOC (b), and DIC (c) calculated via 
the single sampling method (light grey), interpolation method (medium grey), and 
regression method (dark grey). Bars represent mean hourly fluxes for each pool 
and each calculation method, and S.E. for each pool is shown via the error bars. 
Significant (p < 0.05) differences between seasons of method are shown by 
lowercase (a, b, c, d) letters. Seasons of each pool with the same letter are not 
significantly different from one another, while seasons with differing letters are 






























































Figure 3-5. Positive seasonal fluxes of POC (a), DOC (b), and DIC (c) calculated 
via the single sampling method (light grey), interpolation method (medium grey), 
and regression method (dark grey). Only hourly fluxes that were positive were 
included in these calculations. Bars represent mean hourly fluxes for each pool 
and each calculation method, and S.E. for each pool is shown via the error bars. 
Significant (p < 0.05) differences between seasons of method are shown by 
capital letters (A, B, C, D) for the single sampling method, lowercase (a, b, c, d) 
letters for the interpolation method, and Greek (a, b, g, d) letters for the regression 
method. Seasons with the same letter (and style) are not significantly different 
from one another, while seasons with differing letters are significantly different at 












































































Figure 3-6. Negative seasonal fluxes of POC (a), DOC (b), and DIC (c) 
calculated via the single sampling method (light grey), interpolation method 
(medium grey), and regression method (dark grey). Only negative fluxes that 
were positive were included in these calculations. Bars represent mean hourly 
fluxes for each pool and each calculation method, and S.E. for each pool is 
shown via the error bars. Significant (p < 0.05) differences between seasons of 
method are shown by capital letters (A, B, C, D) for the single sampling method, 
lowercase (a, b, c, d) letters for the interpolation method, and Greek (a, b, g, d) 
letters for the regression method. Seasons with the same letter (and style) are 
not significantly different from one another, while seasons with differing letters 












































































Figure 3-7. Mean net (a), positive (b), and negative (c) POC, DOC, and DIC 
fluxes calculated via the regression method for each water years 2014, 2015, 
and 2016 (WY2014, WY2015, WY2016). Bars represent mean hourly fluxes for 
each pool, and S.E. for each pool is shown via the error bars. Significant (p < 
0.05) differences between water years for each carbon pool are shown by 
lowercase (a, b, c) letters. Water years (of the same pool) with the same letter 
are not significantly different from one another, while water years with differing 






















































 Table 3-1. Methods used to calculate carbon fluxes in this study with their source of carbon concentrations, interval of 
calculations, and water flux calculations. Single sampling and interpolation methods rely on carbon concentrations from 
the monthly samplings and tidal prism volumes to calculate fluxes, while the regression method uses data from a 
continuously deployed YSI to calculate a regression formula between water quality parameters and carbon concentrations 
that can be used to predict carbon concentrations whenever the YSI is deployed. LIDAR imagery was used to create a 
relationship with water height and inundated surface area to refine the tidal prism calculations in the regression method. 
Method Summary Carbon Concentrations 
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Table 3-2. A comparison of three different approaches used to calculate annual water year carbon fluxes in grams C per 
m2 marsh per year. Negative values represent export from the marsh to the estuary, and positive values indicate imports 
from the estuary into the marsh. Flux values for single sampling and interpolation methods are only listed for WY2014 
when data from the entire water year were available. For regression fluxes, the calculated net fluxes are provided with the 











 Water Year POC (g C m-2 yr-1) 
DOC 
(g C m-2 yr-1) 
DIC 
(g C m-2 yr-1) 
Method     
Single sampling 2014 63.4 6.71 -148 
Interpolation 2014 82.0 17.7 -193 




(72.0 – 70.0) 
8.92 
 
(4.15 – 14.9) 
-124 
 




(75.0 – 82.4) 
4.15 
 
(-1.77 – 11.9) 
-147 
 




(55.8 – 60.7) 
3.89 
 
(0.27 – 8.63) 
-114 
 
(-96.7 to -131) 
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Table 3-3. A comparison of the average (± S.D) net annual POC, DOC, TOC 
(POC + DOC), and DIC fluxes calculated in this study using the regression 
method and those from other studies conducted in other systems. Studies are 
split between United States and international marshes. When available, sub-
basin (or total marsh) areas are listed. 
 
✭This study, 1Wang et al. (2016), 2Findlay et al. (1998), 3Woodwell et al. (1977), 4Roman and Daiber (1989), 
5Jordan et al. (1983), 6Neubauer and Anderson (2003), 7Axelrad et al. (1976), 8Dame et al. (1986), 9Gardner 
and Kjerfve (2006), 10Williams et al. (1992), 11Dame et al. (1991), 12Wang and Cai (2004), 13Borey et al. 
(1983), 14Dankers et al. (1984), 15Boorman et al. (1994), 16Lefeuvre et al. (1994), 17Bettencourt et al. (1994), 
18Taylor and Allanson (1995)    NL = not listed 
 
  g C m-2 hr-1     
 POC DOC TOC DIC Subbasin Area (m2) Refs 
       
Taskinas Creek 70 ± 10 6 ± 3 76 ± 12 -128 ± 17 369,889 ✭ 
United States 
Waquoit Bay, MA – – – -414 4,132 1 
Hudson River, NY – – -324 – NL 2 
Flax Pond, NY -61 8 -53 – 570,000 3 
Canary Creek, DE -55 -104 -159 – 1,900,000 4 
Rhode River, MD 18 -64 -46  27,300 5 
Sweethall Marsh, VA – – – -197 4,010,000 6 
Ware Creek, VA -35 -80 -115 – 140,000 7 
Carter Creek, VA -116 -25 -142 – 100,000 7 
North Inlet, SC -128 -328 -456 – 23,000,000 8 
Crab Haul Creek, SC 7 -137 -130 – 32,000 9 
Bly Creek, SC 31 -250 -219 – 660,000 10 
Bly Creek, SC 30 -272 -242 – 660,000 11 
Duplin River, GA – – – -156 650,000 12 
Coon Creek, TX 4 21 25 – 2,700,000 13 
International 
Ems-Dollard Marsh, the 
Netherlands -140 15 -125 – 9,800,000 14 
Salicornia Marsh, 
England -11 -13 -24 – 8,800 4 
Mont St. Michel Bay, 
France 16 -74 58 – 57,000 15 
Mira Estuary, Portugal – -188 – – NL 15, 16 
Kariega Marsh, South 







CHAPTER 4: PARTICULATE ORGANIC MATTER COMPOSTIONAL TRENDS 



















 The coupled marsh creek-estuarine system is a critical zone of particulate 
organic matter (POM) production, transport, and transformation. These 
processes can alter the composition of POM exchanged at this important 
interface, but the sources and drivers of POM composition are poorly 
understood. This study measured POM composition at two marsh creek-
estuarine interfaces associated with Chesapeake Bay (USA), Taskinas Creek 
and Muddy Creek, to determine the primary sources and temporal trends in POM 
composition. Using bulk OM source proxies and lipid biomarker compounds, this 
study shows that location within the estuary, tide stage, and season determine 
POM composition. At both locations, dominant lipid biomarkers included short 
chain fatty acids and polyunsaturated fatty acids typically ascribed to aquatic 
microbial and algal sources. Due to local differences in tidal amplitude and 
turbidity, Taskinas Creek had higher concentrations of POM. The sources of 
POM at the two sites differed with Taskinas Creek dominated by estuarine 
sources, while Muddy Creek was more influenced by marsh sources. Principal 
component analyses separated samples by site and by dominant sources, 
including labile estuarine POM, marsh and terrestrial POM, and bacterial 
production and respiration products. Additionally, biotic and abiotic factors, such 
as the timing of spring blooms, formation of turbidity maxima, and tidal 
exchanges, affected the variability in the composition of POM. Future changes in 
these biotic and abiotic processes are likely to affect POM composition and thus 
the health of marshes in future anthropogenic and climate change.  
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Introduction 
 In the coastal ocean, marshes and estuaries play a significant role in 
controlling the quantity and quality, or composition and lability, of organic matter 
(OM) (Kemp et al. 1997; Hedges and Keil 1999; Bianchi 2007; Canuel and 
Hardison 2016). This is due to their roles in the production, transport, and burial 
of terrestrial and marine-derived OM. Although the combined area of marshes 
and estuaries encompasses only 4.2 to 5.7% of the global coastal ocean 
(including the continental shelf), these regions control much of the coastal ocean 
carbon budget (Najjar et al. 2018). Net primary production in marshes is larger 
than in either estuaries or the continental shelf, and marshes and rivers provide 
4.6 to 6.5 Tg organic carbon (OC) annually to estuaries along the U.S. East 
Coast (Herrmann et al. 2015). Combining OC export with estimates of DIC export 
from tidal wetlands to estuaries in Eastern North American (185 ± 71 g C m-2 yr-
1), Najjar et al. (2018) estimated that 0.5 ± 0.3 Tg C yr-1 is buried, 6.3 ± 2.6 Tg C 
yr-1 is exported to shelf waters, and 4.2 ± 1.7 Tg C yr-1 is lost to the atmosphere 
via CO2 degassing.  
However, these habitats are highly dynamic, and the rates and magnitude 
of OM processing can vary due to physical features, delivery of OC from 
terrestrial and marine sources, biological processes, nutrient availability, and 
anthropogenic effects (Cloern and Jassby 2008; Herrmann et al. 2015). OM 
production and transformation can also vary at tidal to annual timescales creating 
further complexities in OM composition. Estuaries receive large amounts of OM 
and nutrients through riverine discharge, and additional OM is produced within 
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the water column in association with phytoplankton production (Bijlsma et al. 
1996; Borges 2005). High rates of respiration in estuaries is common due to the 
abundance of labile OM and can lead to net heterotrophy in some estuaries 
(Raymond et al. 2000; Raymond and Bauer 2001; Borges 2005). In contrast, tidal 
wetlands tend to be net autotrophic (e.g., tidal wetlands in North America remove 
27 ± 13 Tg C per year from the atmosphere; Windham-Myers et al. 2018). 
However, the magnitude of production, consumption, and transformation 
processes within the combined wetland-estuary system are poorly quantified, 
and this lack of information often hinders biogeochemical models and budgets 
(Chen and Borges 2009; Bauer et al. 2013; Windham-Myers et al. 2018).  
 Determining particulate OM (POM) composition within any coastal ocean 
habitat can be difficult due to the wide range of autochthonous and allochthonous 
sources that enter these habitats at varying timescales (Hedges and Keil 1999; 
Canuel 2001). This leads to a pool of POM with variations in composition, 
reactivity, and residence time (Bianchi 2007). Physical processes such as 
weathering, erosion, and atmospheric deposition can deliver some POM to 
marshes and estuaries; however, much of it is delivered through biological 
processes in the water column or on the marsh. Phytoplankton are the dominant 
estuarine primary producers, while marsh grasses, algae, and higher plants can 
be important sources within marsh habitats. Phytoplankton blooms are often 
subject to changes in freshwater discharge, tides, light availability, nutrients, and 
grazers (Malone et al. 1988; O’Donohue and Dennison 1997; Thompson 1998; 
Cloern 2001). Additionally, phytoplankton and other primary producers, such as 
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marsh plants, can be an important source of organic detritus. In turn, this labile 
OM from primary producers fuels the microbial loop, which is critical in cycling 
POM in these habitats (Wetzel 1995; Bianchi 2007). The composition and size of 
this POM can also determine its likelihood to be physically or biologically 
flocculated, which can affect its stability and density (Boyle et al. 1977; Stumm 
and Morgan 1996).  
 Climate change has the potential to significantly alter the physical and 
biological properties of marshes and estuaries and, in turn, the processes 
affecting POM quantity and quality (Canuel and Hardison 2016). In particular, 
these coastal habitats are vulnerable to variations in sea level rise, temperature, 
storm events, and anthropogenic disturbances such as increasing coastal 
population, water diversions, eutrophication and modified land use (Canuel et al. 
2012). Additionally, while warming will likely increase primary productivity, 
studies have shown that warming can cause a greater increase in respiration, 
leading to increased remineralization, altered POM composition, and decreased 
carbon burial (López-Urrutia et al. 2006; O’Connor et al. 2009; Kirwan et al 
2014). Other factors, such as changes in streamflow, storm events, and changes 
in land usage will also lead to changes in sediment delivery and light availability 
in coastal systems, which may lead to altered rates of primary productivity 
(Harding and Perry 1997; Hartig et al. 2002; Cahoon 2006; Blum and Roberts 
2009; Weston 2014). Changes in the physical properties of these habitats, such 
as water level, turbidity, temperature, and salinity intrusion, can also have 
significant impacts on the flocculation and settling of POM, which can change the 
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bioavailability and distribution of POM in the water column (Weston et al. 2006; 
Doney 2010; Canuel et al. 2012). Overall, climate and anthropogenic changes 
are likely to significantly alter marsh and estuarine POM quantity and quality; 
however, the magnitude and extent of these changes are unknown. 
 The composition of POM within the combined marsh-estuarine system is 
complex, with varying amounts of OM coming from the watershed, in situ 
production, rivers, marshes, and the coastal ocean. Understanding the 
composition and sources of POM allows us to better understand POM 
production, consumption, and transformation within the coastal ocean (Canuel 
and Hardison 2016). This study examined temporal trends, drivers, and sources 
of POM at the marsh-estuarine interface at two locations in the Chesapeake Bay 
representing different salinity regimes. Stable isotopes of carbon (d13C), carbon 
to nitrogen ratios, and lipid biomarker compounds were used to determine POM 
sources. This study utilized the source specificity of two classes of lipid 
biomarkers, fatty acid methyl esters (FAMEs) and n-alkanes. These classes of 
lipids were selected because they include compounds that represent sources of 
organic matter typical of these habitats and differ in reactivity. On average, fatty 
acids are more labile than n-alkanes, and more responsive to biological 
processes (Canuel and Martens 1996). Together, these results provide POM 
composition and source information for two marsh-estuarine systems that can be 




2. Materials and Methods 
2.1 Study Sites 
 Samples for this study were taken from two locations in the Chesapeake 
Bay system (Fig. 4-1a), Taskinas Creek, VA (Fig. 4-1b) and Muddy Creek, MD 
(Fig. 4-1c). Taskinas Creek is a component of the Chesapeake Bay National 
Estuarine Research Reserve (CBNERRVA) and is located within York River 
State Park near Williamsburg, VA. Muddy Creek is located in the northern 
Chesapeake Bay at the Smithsonian Environmental Research Center’s Global 
Change Research Wetland (GCREW) in Edgewater, MD. Both sites are carefully 
managed with minimal anthropogenic disturbances to their watersheds. Taskinas 
Creek drains into the York River estuary, a sub-estuary of the Chesapeake Bay 
and materials are transported to/from the York River by tidal exchange (Chapter 
3). Taskinas Creek has mesohaline salinities, with a mean (± S.D.) of 10.71 ± 
4.45 (1996-2018). The dominant vegetation in the marsh surrounding Taskinas 
Creek includes Sporobolus alternifolius (formerly Spartina alterniflora), Spartina 
patens, and Distichlis spicata (Reay and Moore 2009). Taskinas Creek has an 
average tidal range of 0.85 to 0.89 m, and the location where samples were 
taken is approximately 0.34 km from the entrance of the creek to the York River 
and 40 km from the Chesapeake Bay mainstem (Reay and Moore 2009). 
Although close to the York River, there are two bends in Taskinas Creek 
between the sampling site and the York River, creating an indirect path to the 
main waterway. Taskinas Creek is located between the York River’s two 
estuarine turbidity maxima (ETMs), ~15 km downstream of the primary ETM and 
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~5 km upstream of the secondary ETM (Lin and Kuo 2003). Salinities in Muddy 
Creek range from oligo- to mesohaline, but samples for this study were taken at 
salinities of 4.14 to 14.79. This creek feeds into the Rhode River Estuary, which 
drains into the Chesapeake Bay. Dominant vegetation in Muddy Creek includes 
Spartina patens, Spartina cynosuroides, Distichlis spicata, Iva frutescens, and 
Scirpus olneyi (Jordan et al. 1983). The sampling station at Muddy Creek is 
located in the high marsh with an elevation of 0.4 to 0.6 m above mean low 
water. This station is approximately 0.1 km from the Rhode River and 
approximately 9 km from the Chesapeake Bay mainstem. Muddy Creek has a 
direct connection to the Rhode River, however, the Rhode River does not have a 
straight connection to the Chesapeake Bay. The Chesapeake Bay’s ETM varies 
throughout the year and has been reported to be within a large portion of the 
northern part of the Bay (Sanford et al. 2001). Depending on seasonal 
conditions, portions of the ETM can be located near the mouth of the Rhode 
River whereas at other times of the year Muddy Creek can be within 50 km of the 
southern edge of the Chesapeake Bay ETM. 
 
2.2 Sample Collection for Lipid Biomarkers 
 From June 2014 through November 2016, water samples (20 to 40 L) for 
both sites were collected at high and low slack tides once a month near the 
mouth of each creek where water exchanges with the adjacent estuary. Samples 
at Taskinas Creek were collected using a stainless steel Proactive Mini-Monsoon 
XL water pump with platinum-cured silicone tubing that was cleaned with HCl 
 125 
prior to sampling. Samples at Muddy Creek were sampled at the GCREW 
sampling dock using a similar water pump with platinum-cured silicone tubing. 
Samples were kept cold and dark during transport to the Virginia Institute of 
Marine Science (VIMS) for filtering. The water samples were transferred into 
solvent-rinsed stainless-steel canisters and filtered under N2 onto pre-combusted 
(450 ºC, 4-hr) 142-mm diameter glass fiber filters (Whatman GF/F, 0.7 µm 
nominal pore-size). Filters were briefly dried under N2 and stored at -80 ºC until 
further analyses.  
 
2.3 Ancillary Sample Collection 
Additional water samples were collected concurrent with the biomarker 
samples to determine water quality and bulk OM source proxies. At both 
locations, these were taken using a Teledyne ISCO 6712 Automated Water 
Sampler with HCl cleaned platinum cured silicone tubing. Water samples (1 L) 
were collected at each high and low slack tide and stored in pre-combusted (450º 
C, 4-hr) glass jars (at Taskinas Creek) or polypropylene bottles (at Muddy Creek) 
until the ISCO was retrieved. Water samples were transported to the Virginia 
Institute of Marine Science (VIMS) or the Smithsonian Environmental Research 
Center (SERC) for filtering. Approximately 25 to 100 mL of the sampled water 
were filtered onto 25 mm glass fiber filters (Whatman GF/F, 0.7 µm nominal pore 
size) for particulate organic carbon (POC), particulate nitrogen (PN), chlorophyll-
a (chl-a), phaeopigments (phaeo), and stable carbon and nitrogen isotopes (d13C, 
d15N). Additional water samples were filtered through pre-weighed Nucleopore™ 
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0.45 µm filters to measure concentrations of total suspended solids (TSS). These 
samples were frozen (-20 ºC) until analyses could be performed. For other water 
quality parameters, a YSI V2 or EXO2 water quality monitoring sonde was 
deployed at each location. Measured parameters from the YSIs that were used in 
this study include water temperature, salinity, and dissolved oxygen (DO) 
concentrations. Data from the Taskinas Creek YSI were collected from the 
Centralized Data Management Office of the National Estuarine Research 
Reserve System (NERRS 2019), while data from Muddy Creek were provided by 
SERC. 
 
2.3 Lipid Biomarker Analyses 
 Lipid biomarkers were analyzed following a modified version of the 
methods found in Waterson and Canuel (2008). Briefly, GF/Fs that were used to 
filter the lipid biomarker samples were freeze dried and extracted with a 
dichloromethane/methanol (9:1, v/v) mixture using a Dionex ASE 2000 
Automated Solvent Extractor. Following ASE extraction, the samples were 
concentrated, and approximately 3-5 milligrams of lipid extract were isolated for 
saponification using 1 N KOH (Canuel and Martens 1996). The saponified 
sample was then extracted into hexane under acidic (SAP-A) conditions. SAP-A 
samples were converted to fatty acid methyl esters (FAME) using 3% BF3-MeOH 
for form fatty acid methyl esters (FAME). The FAME fractions were isolated into 
lipid sub-classes using silica gel columns (FAME samples were collected into the 
5% and 10% ethyl acetate in hexane fractions). The FAME samples were 
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analyzed on a Hewlett Packard Gas Chromatograph 5890 Series II with flame 
ionization detector (FID) with a 60 m x 0.32 mm DB-23 (dimethylphenylsilicone) 
fused Si capillary column (Agilent J&W Scientific).  
 
2.4 Analyses of Ancillary Parameters 
 GF/Fs designated for POC, PN, d13C, and d15N analyses were dried at 60 
ºC to remove traces of water, acidified in an acid dessicator using 6N HCl 
(TraceMetal Grade, Fisher Scientific), and pelletized into tin capsules. POC and 
PN capsules were combusted using a Flash Eager 300 Elemental Analyzer 
(Hedges and Stern 1984). Acetanilide standard (71.09% C, 10.36% N, Costech) 
was used to create a standard curve and to evaluate the instrument for precision 
and accuracy. Carbon to nitrogen ratios of the POM (C:N) were calculated by 
dividing POC concentrations by PN concentrations of each sample and 
multiplying this number by 1.167 to convert mass ratios to atomic ratios (C:Na) 
(Hedges and Stern 1984). Samples for d13C and d15N were pelletized and 
analyzed using a Costech Elemental Analyzer (model 4010) coupled to a 
ThermoFisher DeltaV Isotope Ratio Mass Spectrometer (EA-IRMS) equipped 
with a Conflo IV interface for continuous flow analysis of natural abundance 
isotopes. USGS-40 L-glutamic acid (d13C = -26.39‰, d15N = -4.52‰) was used 
for standard curves of stable isotope analyses and to verify instrument precision 
and accuracy. Chl-a and phaeo filters were extracted overnight within 30 days of 
collection using 8 mL of a 45:45:10:0.1 DMSO/acetone/deionized 
water/diethylamine mixture (Shoaf and Lium 1976). Following extractions, 
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samples were analyzed using a Turner Designs 10-AU fluorometer for chl-a 
concentrations. After the first measurement, an aliquot of 250 µL of 1N HCl was 
added to each sample, and the samples were again analyzed on the fluorometer 
for phaeo concentrations. TSS filters were heated at 100ºC for at least 24-hr, or 
until dryness, and weighed to determine the difference between initial and final 
weights. 
 
2.5 Statistical Analyses 
 All statistical analyses performed for this study were conducted using R (R 
Core Development Team 2018). Samples were split by location (Taskinas Creek 
and Muddy Creek), season, and tide. Seasons were defined as winter (Dec-Feb), 
spring (Mar-May), summer (Jun-Aug), and fall (Sep-Nov). Tides were defined as 
low and high slack tides. All parameters were tested for normality and log-
transformed when necessary. Data transformations are noted on tables when 
used. Prior to statistical analyses, TSS, chl-a, phaeo, POC, and PN 
concentrations were log-transformed to achieve a normal distribution. 
Additionally, all FAME and n-alkane concentrations were corrected for losses 
during sample processing and blank-corrected, and concentrations, carbon-
normalized concentrations, and percent (of total FAME or n-alkane 
concentrations) were log-transformed to achieve normal distributions when 
necessary. A three-way ANOVA was used to determine differences by tides, 
seasons, study sites and the interactions among them for lipid biomarker 
concentrations, percent of total biomarker concentrations as well as on 
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environmental parameters, bulk OM proxies, and lipid biomarker proxies. 
Correlations between parameters were analyzed via the Pearson correlation 
coefficient. Significance is noted when appropriate, and values were identified as 
significant at the p < 0.05 level.  
 Principal component analysis (PCA) was performed on the lipid biomarker 
data to reduce the complexity of the large dataset and identify key factors that 
explained the data. PCA is a form of multivariate analysis that can simplify large 
datasets into a smaller number of explanatory components (Wold, et al. 1987). 
Any concentrations that were below the detection limit of the instrument were 
replaced with one half the lowest concentration of that parameter and normalized 
to the total lipid class concentrations to remove negative bias (Yunker et al. 
2005). Short-chain fatty acids (SCFA), long-chain fatty acids (LCFA), branched 
fatty acids (BrFA), fatty acids with 18 carbon atoms and two to three double 
bonds (C18:2+18:3), polyunsaturated fatty acids with 16, 20, and 22 carbon atoms 
(C16PUFA, C20PUFA, and C22PUFA, respectively), short-chain n-alkanes 
(SCHC), mid-chain n-alkanes (MCHC), and long-chain n-alkanes (LCHC) were 
used in the PCA (Table 4-2). 
 
3. Results 
3.1 Environmental Conditions 
Environmental conditions measured at the time of sample collection for 
both locations provide context for the lipid concentrations and further analyses 
(Tables 4-3, 4-4). Cncentrations of DO, TSS, POC, chl-a, and phaeo were 
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significantly different across the sites with higher concentrations at Taskinas 
Creek than at Muddy Creek. Temperatures were similar across low and high tide, 
but salinity and concentrations of DO, TSS, POC, PN, chl-a, and phaeo were 
higher at high tide (Table 4-3). Salinity and TSS were higher during high tide at 
Taskinas Creek, but all other environmental parameters had no significant tidal x 
site variability.  
 Seasonal variation in the environmental parameters was observed for all 
variables except TSS concentrations (Table 4-4). Temperatures were highest in 
summer and lowest in winter, and salinities were higher during fall than in other 
seasons. DO concentrations were lowest in summer. At Taskinas Creek, DO 
concentrations were higher in fall than in winter, but at Muddy Creek, they were 
higher in winter. At Taskinas Creek, POC and PN concentrations were higher in 
spring and summer than in winter, whereas POC concentrations at Muddy Creek 
were only higher in spring. At both sites, chl-a and phaeo concentrations were 
higher in spring than in winter, and phaeo concentrations were lowest overall in 
winter. The only significant season x site interactions were seen at Muddy Creek 
where spring PN concentrations were higher than in summer. 
  
3.2 Bulk POM Source Proxies 
 Values of C:Na, d13C, and d15N and were used to determine the sources 
and composition of the bulk POM samples (Fig. 4-2). All three proxies were 
significantly different between Taskinas Creek and Muddy Creek. Overall, mean 
(± S.E.) values of C:Na were higher at Taskinas Creek (8.8 ± 0.18) than at Muddy 
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Creek (7.8 ± 0.32). Mean d13C values at Muddy Creek (d13C: -27 ± 0.50) were 
lower (more negative) than at Taskinas Creek (d13C: -25 ± 0.24). Mean values of 
d15N were higher at Taskinas Creek (d15N: 6.4 ± 0.21) than at Muddy Creek 
(d15N: 5.6 ± 0.79). 
 The bulk POM source proxies also varied by tidal stage. C:Na values were 
higher at low tide than at high tide (Fig. 4-2a). Overall, values of d13C and d15N 
were higher (more positive) at high tide than at low tide (Fig. 4-2b, c). 
Additionally, d13C values had significant tide x site interactions. At Taskinas 
Creek, d13C values at high tide were higher (more positive) than at low tide. 
 Significant seasonal patterns were found for both stable isotope proxies, 
but not for C:Na. Values of d13C were higher (more positive) in winter than in 
spring and summer (Fig. 4-2e). No overall seasonal patterns were found for d15N 
values, but in Muddy Creek, d15N values were higher in spring than in summer 
(Fig. 4-2f).  
  
3.3 Fatty Acids 
 Total FAME (SFAME) concentrations ranged from 5.69 to 951 µg/L 
overall. Taskinas Creek SFAME concentrations ranged from 5.69 to 248 µg/L, 
and Muddy Creek concentrations ranged from 11.48 to 951 µg/L. SFAME 
concentrations were higher and more variable at Muddy Creek (mean ± S.E. 168 
± 51.3 µg/L) than at Taskinas Creek (63.8 ± 9.02 µg/L; p < 0.05). SFAME 
concentrations were higher in spring and summer than in winter (p < 0.05), and 
at high tide relative to low tide (Fig. 4-3).  
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 FAMEs were combined into groups representing different OM sources 
based on previous studies (Table 4-2). The C18:2+18:3 and C16, C20 and C22 
polyunsaturated fatty acids (PUFA) were also combined to represent total PUFAs 
(SPUFA). SPUFA and SCFA dominated the total composition of FAMEs at both 
locations (Fig. 4-4). ANOVAs were performed using concentrations and percent 
total (%) of FAME groups (Table 4-5, Supplementary Table B-5). Concentrations 
of SCFA, C18:2+18:3, C20PUFA, and SPUFA were higher at Muddy Creek than at 
Taskinas Creek, as were %SCFA, %C18:2+18:3, and %LCHC (Fig. 4-4). In contrast, 
concentrations of C16PUFA and %C16PUFA were higher at Taskinas Creek. At 
high tide, concentrations of LCFA, BrFA, C18:2+18:3, and all PUFA groups were 
higher than at low tide, but %BrFA was higher at low tide (Fig. 4-4a, c). Seasonal 
variation among FAME groups were minimal, but some significant season x site 
and tide x site variations were observed. %SCFA was higher in spring in 
Taskinas Creek than in spring at Muddy Creek (Fig. 4-4b, d). %C18:2+18:3 was 
higher at low and high tides Muddy Creek than in low and high tides at Taskinas 
Creek, respectively, and at both sites, high tides were significantly higher than 
low tides (Fig. 4-4a, c). 
 
3.4 n-Alkanes 
 Total n-alkane (Sn-alkane) concentrations ranged from 0.05 to 9.14 µg/L, 
with Taskinas Creek samples ranging from 0.22 to 5.29 µg/L, and Muddy Creek 
samples ranging 0.05 to 9.14 µg/L (Fig. 4-5). Mean %LCHC was higher at Muddy 
Creek than at Taskinas Creek (Fig. 4-6). Like with FAMEs, n-alkanes showed 
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little significant seasonal variation, but MCHC showed significant season x site 
interactions (Fig. 4-6c, d). In Taskinas Creek, %MCHC was higher in fall than in 
summer (Fig. 4-6c), and %MCHC was higher in spring than in summer at Muddy 
Creek (Fig. 4-6d). 
 
3.5 Principal Component Analyses 
 PCA was used as an exploratory tool to identify patterns across the entire 
dataset. Only the first and second principal components (PC) will be discussed 
here. PC1 accounted for 22.7% of the variance in the data set. SCHC, BrFA, 
LCFA, and C20PUFA had the most positive loadings on PC1, whereas MCHC, 
SCFA, and C18:2+18:3 had negative loadings on PC1 (Fig. 4-7). PC2 explained 
18.9% of the variance in the data set and LCFA, C18:2+18:3, C20PUFA, and LCHC 
had the most positive loadings on PC2. C16PUFA, C22PUFA, and MCHC had the 
most negative loadings on PC2 (Fig. 4-7). Loadings were separated into 
quadrants with groupings of C18:2+18:3 and LCHC, LCFA and C20PUFA, SCFA and 
MCHC, and SCHC, BrFA, C22PUFA, and C16PUFA.  
The PCA revealed differences across the two study sites. Taskinas Creek 
samples had positive scores on PC1 and negative scores on PC2, whereas 
Muddy Creek samples had negative scores on PC1 and positive scores on PC2 
(Fig. 4-8a). When the scores were analyzed by season, the Taskinas samples 
largely grouped in one quadrant (Fig. 4-8b). In contrast, fall and winter samples 




4.1 Environmental Conditions 
 The environmental conditions at Taskinas Creek and Muddy Creek during 
this study generally followed patterns previously observed in the Chesapeake 
Bay region. Within the Bay’s mainstem, many of the physical and water quality 
parameters are controlled by the flow of the Susquehanna River, the 
Chesapeake Bay’s largest freshwater source. Increased streamflow in the spring 
decreases Chesapeake Bay salinity in April, May, and June (Murphy et al. 2011). 
During this study, salinity was lower in spring and summer and higher in fall at 
Taskinas (Table 4-4), However, at Muddy Creek, salinity was lowest during 
spring and fall.  
Additionally, freshwater discharge influences the position of the estuarine 
turbidity maximum which has been measured from May to October (Sanford et 
al. 2001). Phytoplankton production may start earlier than peak streamflow, with 
recorded chl-a increasing from low fall and winter concentrations to higher 
concentrations as early as January and extending into June, however the freshet 
can bring essential nutrients to stimulate phytoplankton blooms (Murphy et al. 
2011). Chl-a concentrations were highest during Spring, but not statistically 
different than summer and fall at Taskinas (Table 4-4). These phytoplankton 
blooms can lead to increased respiration which can create extended areas of 
hypoxia which often begin in June and extend until late summer (Murphy et al. 
2011). Consistent with this pattern DO concentrations were lowest in summer at 
both sites (Table 4-4).  
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4.2 Taskinas Creek  
 While both sites are associated with the Chesapeake Bay and are affected 
by watershed, marsh, and estuarine processes, the sources and composition of 
POM at these two sites differed in a variety of ways. Taskinas Creek had lower 
mean salinities but also had a wider range of salinities than Muddy Creek (Table 
4-3). Additionally, Taskinas Creek had higher mean concentrations of TSS, POC, 
chl-a, and phaeo (Table 4-3). An important physical feature in the York River is 
the occurrence of both a primary estuarine turbidity maximum (ETM) and 
secondary turbidity maximum (STM) (Lin and Kuo 2003). Modeling studies in the 
York River have shown that bottom resuspension is an important source of TSS 
in both the ETM and the STM (Lin and Kuo 2003; Maa and Kim 2001). ETMs are 
also dynamic regions for organic matter processing (see Canuel and Hardison, 
2016 and references therein) and important sites for trapping organic matter and 
suspended particulate matter (Hedges and Keil 1999; Wakeham and Canuel 
2016). Moreover, within the York River estuary, flood tides are often stronger 
than ebb tides, forcing sediment transport landward (Scully and Friedrichs 2003, 
2007). The entrance to Taskinas Creek is located near the ETM in the York 
River, providing a source of suspended TSS and POC that could be brought into 
the marsh creek on flood tides. Additionally, Taskinas Creek is adjacent to the 
traditional location of the spring phytoplankton bloom in the York River estuary 
(Sin et al. 1999) which may contribute to the higher concentrations of chl-a and 
phaeo than observed at Muddy Creek (Table 4-3). In contrast, Muddy Creek is 
not proximal to the ETMs in either the adjacent Rhode River Estuary or in the 
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Chesapeake Bay. As a result, the location of the two study sites, with respect to 
estuarine turbidity and phytoplankton blooms, could have contributed to the 
higher TSS and chl-a concentrations seen in Taskinas Creek relative to Muddy 
Creek.  
Evidence for the dominance of estuarine sources of POM at Taskinas 
Creek is supported by the PCA results and lipid biomarker trends. Scores for the 
Taskinas Creek samples were in the same quadrant as biomarkers for algal and 
bacterial sources (e.g., SCHC, BrFA, C16PUFA and C22PUFA) (Figs. 4-7, 4-8). In 
agreement with these results, d13C values at Taskinas Creek were generally 
within the range previously measured for estuarine phytoplankton and POM in 
the York River (d13C: -20 to -27‰, Countway et al. 2007; (d13C: -22.4 to -23.1‰, 
Arzayus 2002) (Fig. 4-2b, e). Concentrations of C16 PUFA and %C16PUFA were 
also higher at Taskinas Creek than at Muddy Creek (Tables 4-5, 4-6). This is 
consistent with previous studies that found that POM in the York River was 
primarily derived from autochthonous phytoplankton (Lake et al. 2013; Paloma 
and Canuel 2010; Countway et al. 2007; McCallister et al. 2006). McCallister et 
al. (2006) also found high contributions from PUFA in the York River, which 
indicated a source of fresh, labile OM from phytoplankton and zooplankton within 
the estuary.  
 
4.3 Muddy Creek 
 Muddy Creek had a smaller range of salinities and lower concentrations of 
DO, TSS, POC, chl-a, and phaeo than in Taskinas Creek (Table 4-3). Lower 
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concentrations of these constituents at Muddy Creek may reflect higher 
contributions of POM from marsh sources. The PCA scores for Muddy Creek are 
in similar quadrants to compounds representing marsh and terrestrial sources 
(C18:2+18:3 and LCFA) and some aquatic and submerged aquatic vegetation 
sources (SCFA and MCHC) (Figs. 4-7, 4-8).  The Rhode River has a 
predominantly forested watershed (Leight et al. 2015) and the Kirkpatrick Marsh 
(surrounding Muddy Creek) lies downstream of woody wetlands that may be 
home to freshwater submerged aquatic vegetation (MRLCC 2019). As with 
Taskinas Creek, the PCA results can be corroborated with other source proxy 
and biomarker results. Mean (± S.E.) high tide C:Na at Muddy Creek was 7.3 ± 
0.24 and mean low tide C:Na was 8.3 ± 0.56 (Fig. 4-2a). The similarities in the 
C:Na values suggest that POM is derived from local sources due to the lack of 
exchange with the Rhode River and the Chesapeake Bay. Previous work in 
Muddy Creek has shown that dissolved OM with the signatures of terrestrial and 
marsh sources is advected to the Rhode River (Tzortziou et al. 2008; Tzortziou et 
al. 2011). Additionally, Muddy Creek samples had higher concentrations of 
C18:2+18:3 than at Taskinas Creek consistent with marsh-derived POM (Fig. 4- 4, 
Table 4-5).  
 Overall, the POM from the two locations was dominated by algal sources, 
with some contributions from marsh and terrestrial sources. Proximity to the 
estuarine turbidity maxima and phytoplankton blooms in the York River and the 
larger tidal range at Taskinas Creek likely contributes to more influence from 
estuarine POM than at Muddy Creek. In contrast, the low tidal range led to the 
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accumulation of terrestrial and marsh POM in Muddy Creek and less material 
sourced from the Rhode River estuary.  
 
4.4 Tidal Variations 
Overall, high tide POM was more affected by estuarine sources, while low 
tide samples showed more evidence for marsh and terrestrial sources. High tide 
waters had more positive values of d15N, similar to those of estuarine 
phytoplankton (d15N: 5 to 8 ‰, Currin et al. 1995) (Fig. 4-2c). In contrast, low tide 
samples were more consistent with terrestrial and upland sources (e.g., lower 
(more negative) d13C values and higher C:Na values), especially at Taskinas 
Creek (Fig. 4-2). d13C values for low tide samples were similar to C3 plants and 
soils at both locations (d13C: C3 plants: -23 to -26 ‰, Fry and Sherr 1984; soils: -
23 to -27 ‰, Cloern et al. 2002) (Fig. 4-2b, Table 4-5). C:Na values at low tide 
encompassed values typical of soils (C:Na: 8 to 20, Meyers et al. 1994) and 
terrestrial (C:Na: 12 to 108, Cloern et al. 2002) and marsh plants (C:Na: 11 to 169 
(C4), 12 to 65 (C3), Cloern et al. 2002), indicating a mixture of sources in these 
waters (Fig. 4-2a; Table 4-5). Within the lipid biomarkers, total concentrations of 
FAMEs and concentrations of C18:2+18:3 were higher at high tide. Marshes are 
present adjacent to the two marsh creeks associated with this study and fringe 
the adjacent estuaries (York River and Rhode River). Thus, increases in C18:2+18:3 
at high tide may be due to tidal marshes along both the York River and the 
Rhode River. 
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The differential influence of tides on POM composition at Taskinas Creek 
and Muddy Creek may reflect the locations of the two study systems and local 
physical forcings. Results from the PCA show show better resolution between 
high tide and low tide at Taskinas Creek than at Muddy Creek (Fig. 4-8). 
Taskinas Creek has tidal range of approximately 0.85 m and the sampling 
location is in the lower marsh, approximately 0.34 km from the York River. In 
contrast, the sampling station at Muddy Creek is located in the high marsh with 
an elevation of 0.4 to 0.6 m above mean low water. The tidal range at Taskinas 
Creek is higher than at Muddy Creek (0.3 m) and Taskinas is proximal to the 
ETM in the York River. An associated study showed that POC is imported from 
the adjacent York River (Chapter 3). Differences in tidal height, the elevation of 
the two sites and their proximity to estuarine sources, likely contribute to 
differences in the effects of tide across the two sites.  
The Muddy Creek samples had similar PCA scores across tides (Fig. 4-
8a) and plotted in the same region as loadings for marsh and terrestrial sources 
(LCHC and C18:2+18:3) (Fig. 4-7). In contrast, PCA scores for Taskinas Creek were 
closer to the loadings for bacterial biomarkers (BrFA) and microalgae (C16 and 
C22 PUFA and SCHC). No significant tide x site interactions occurred for both 
environmental parameters and bulk POM proxies within Muddy Creek (Fig. 4-2, 
Table 4-3). In contrast, tide x site interactions for Taskinas Creek bulk OM 
proxies and environmental parameters were significant for salinity, TSS 
concentrations, and d13C values (Fig. 4-2, Table 4-3). Higher salinity, TSS 
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concentrations, and less negative d13C values at high tide at Taskinas Creek are 
more consistent with estuarine sources. 
The import of POM from the adjacent estuaries may have implications for 
these marshes during the present period of rising sea level. Some marshes will 
not be able to withstand accelerated sea level rise (e.g., Carey et al. 2017; 
Crosby et al. 2016), while others will (Hill and Anisfeld 2015; Kirwan et al. 2016). 
Sediment deposition from the water column can contain both OM and mineral 
matter, both of which can be used to build elevation in wetlands, which allows 
marshes to keep pace with sea level rise. However, the effect OM has on tidal 
marsh elevation is also debated in recent studies. Ganju et al. (2015) showed 
through their models that the proportion of suspended OM to mineral matter is 
higher in rapidly deteriorating marshes than in stable marshes. Peteet et al. 
(2018) noted that as the contribution of mineral matter to suspended sediments 
decreased, suspended OM increased, but that OM is less stable in constructing 
marsh platforms and can lead to structural weakness and bank failure. Another 
study found that OM played a decreasing role in marsh vertical accretion due to 
higher temperatures leading to increased respiration of OM (Carey et al. 2017). 
However, Neubauer (2008) suggested that, in tidal freshwater marshes, OM can 
contribute up to four times the volume that inorganic matter can, and that this 
was due to the ability of OM to hold water and air within the soils. In Taskinas 
Creek, we found higher concentrations of both TSS, which includes OM, and 
POC and PN than in Muddy Creek (Table 4-3). Given the importance of both 
mineral matter and OM, the difference in suspended sediment contributions 
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between the two locations may have significant consequences for their ability to 
withstand sea level rise. The proportion of OM to suspended sediments (based 
on mean overall values in Table 4-3) approximately 0.05 for Taskinas Creek and 
0.24 for Muddy Creek. Based on the findings of Ganju et al. (2015), this would 
show that Taskinas Creek will keep pace with sea level rise better than Muddy 
Creek. However, a variety of other factors are key in determining the overall fate 
of these marshes, including current elevation and human modifications. 
 
4.4 Seasonal Variations in POM 
  Overall, Taskinas Creek and Muddy Creek experienced typical seasonal 
patterns for the Chesapeake Bay region. Between the two sites, seasonal 
patterns of water temperature and concentrations of TSS, DO, POC, and PN 
were comparable, however other parameters did not display this similarity. In 
Taskinas Creek, salinities peaked in fall and were similar across winter, spring, 
and summer, but in Muddy Creek, salinities peaked in winter (Table 4-4). 
However, this could have been due to sampling schedules and numbers. Four 
winter samples were collected in Taskinas Creek (Dec 2014, Jan 2015, two in 
Feb 2016) and two winter samples in Muddy Creek (Dec 2014, Dec 2015). The 
addition of the two mid- and late spring samples may have led to lower salinities 
measured in Taskinas Creek. Chl-a and phaeo concentrations show another 
dissimilarity, with higher concentrations in spring through fall in Taskinas Creek, 
while chl-a concentrations only increased in spring at Muddy Creek. A study 
conducted in the mainstem of the Chesapeake Bay suggested that net plankton 
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community production was higher in the low-Bay site, near Taskinas Creek, 
compared to the mid-Bay site, near Muddy Creek, in summer (Smith and Kemp 
1995). This is similar with our results, which showed mean (± S.E.) summer chl-a 
concentrations at Taskinas Creek to be 27 ± 4.3 µg/L and only 4.1 ± 1.4 µg/L at 
Muddy Creek (Table 4-4). 
 In the PCA scores, Muddy Creek spring and summer samples are 
separated from all other samples. Taskinas Creek spring and summer samples 
are located near the loadings associated with bacterial production and 
respiration, and winter and fall samples from both locations were near loadings 
associated with labile aquatic OM (Fig. 4-7). There were only significant season x 
site interactions in d15N values, concentrations of C16PUFA, carbon-normalized 
concentrations of C22PUFA, and %SCFA and %PUFA (Fig. 4-2, Table 4-4, 
Supplementary Table B-5), but there were noticeable, if not significant, variations 
in other variables. Values of d15N decreased from spring to summer in Muddy 
Creek (Fig. 4-2f), while values at Taskinas Creek remained similar throughout all 
seasons. Values of d15N in spring were more similar to estuarine phytoplankton 
(d15N: 6 to 9 ‰, Currin et al. 1995, Table 4-7), while summer samples were more 
similar to those of terrestrial plants (d15N: -2 to 2 ‰, Deegan and Garritt 1997; 
Table 4-5) or terrestrial soils (d15N: 2.6 to 6.4 ‰, Richter et al. 1999, Table 4-5). 
Similarly, contributions of LCFA increased at Muddy Creek in summer (Fig. 4-
4b). Both d15N and LCFA at Muddy Creek showed the increase of terrestrial OM 
in summer at Muddy Creek, which is consistent with a more northern 
Chesapeake Bay location. Zimmerman and Canuel (2001) used lipid biomarkers 
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to determine that the northern Chesapeake Bay is an area of significant 
terrestrial deposition. This trend of increasingly terrestrial OM was also seen in 
d13C values (Fig. 4-2e). Muddy Creek d13C values in spring were more similar to 
phytoplankton (d13C: -18 to -24 ‰, Fry and Sherr 1984, Table 4-7), and summer 
and fall values were more negative and more resembled terrestrial soils (d13C: -
23 to -27 ‰, Cloern et al. 2002) or terrestrial plants (d13C: -26 to -30 ‰, Fry and 
Sherr 1984).  
 While allochthonous OM may have increased in summer at Muddy Creek, 
evidence of a spring phytoplankton bloom was evident in both locations. Both 
Taskinas Creek and Muddy Creek had d13C and d15N values within the range of 
estuarine and freshwater phytoplankton in spring (Fig. 4-2e, f, Table 4-7). PUFA 
contributions increased in Taskinas Creek between winter and spring (Fig. 4a), 
however they decreased in this period in Muddy Creek (Fig. 4-4b). The 
Chesapeake Bay spring bloom typically begins in the southern Bay in March (or 
earlier) with diatom blooms (Gilbert et al. 1995). Zimmerman and Canuel (2001) 
noted increased deposition of diatom-derived labile OM in spring, especially in 
the southern portion of the Bay, which is in agreement with the higher PUFA 
contributions beginning in spring in Taskinas Creek and the higher SCFA 
contributions in Muddy Creek. 
 
5. Conclusions 
 Overall, POM composition at both locations reflected algal sources, with a 
somewhat higher marsh and terrestrial plant influence at Muddy Creek. POM at 
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the two sites exhibited tidal differences in composition and influence from 
estuarine sources at high tide and greater influence from marsh/terrigenous plant 
sources at low tide. POM composition plays an integral role in carbon cycling and 
food webs, and the lability of POM determines the overall fate of these 
compounds and their usefulness as food resources. By using an array of 
techniques to identify POM composition, from bulk OM proxies to specific lipid 
biomarkers, this study was able to show how changes in physical (i.e., 
streamflow, turbidity) and biological (i.e., timing and location of blooms and 
respiration) can lead to different POM composition in two similar marsh creek-
estuarine systems. Lipid biomarkers helped to differentiate the importance of 
marsh, terrestrial, bacterial, and algal sources during each season and at both 
high and low tides, providing a better explanation of how OM cycles through 
these habitats that would have been found using only bulk OM proxies. 
Combining this source information with environmental parameters, such as chl-a 
and TSS, this study was able to show the importance of turbidity to these 
marshes and determining the amount and quality of OM received from their 
adjacent estuaries. This type of information is necessary for better constraining 
coastal carbon cycling models, through identifying the varying sources of POM 
and the likelihood that it will be consumed, buried, or exported. With this 
information, such models can predict the possible exchanges between these 
habitats and atmospheric CO2 as well as the ability of these marshes to survive 
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Figure 4-1. This study was conducted at two marsh-estuarine interfaces in the 
Chesapeake Bay (a) Muddy Creek and Taskinas Creek. Taskinas Creek (b) 
drains into the York River estuary in the southern portion of the Bay, and Muddy 
Creek (c) drains into the Rhode River and is located in the northern portion of the 
Bay. For both locations, lighter grey areas immediately surrounding the site are 
known areas of tidal marsh. Creek and marsh edges were retrieved from the 
Center for Coastal Resource Management’s Shoreline and Tidal Marsh Inventory 
























Esri, Garmin, GEBCO, NOAA NGDC, and other contributors, Esri, HERE, Garmin, © OpenStreetMap
contributors, and the GIS user community


















77º 0’0”W 76º 0’0”W 
77º 0’0”W 76º 0’0”W 
 156 
Figure 4-2. Boxplots showing bulk OM proxies C:Na (a), d13C (b), and d15N (c) for 
Taskinas Creek (TC) and Muddy Creek (MC) at high (H) and low (L) tides and by 
season (d-f). Capital letters above grey lines indicate significant (p < 0.05) 
differences between tide stages overall (i.e., TC and MC samples combined), 
and lowercase letters above boxplots indicate significant differences between 
tide stages at the same site. Samples collected at Muddy Creek for d15N were 










































































Figure 4-3. Mean values for total FAME concentrations for low (L) and high (H) 
tides (a) and each season (winter-W, spring-Sp, summer-S, fall-F) (b). Error bars 
represent standard error. Lowercase letters above bars indicate significant 



























































Figure 4-4. Mean values for fatty acid sub-classes presented as a percent of the 
total fatty acid methyl ester (FAME) content for Taskinas Creek (TC, a) and 
Muddy Creek (MC, b) separated by tide stage (a, c) and season (b, d). Error bars 
represent the standard error. FAMEs are presented as lipid classes as defined in 
Table 1. Capital letters above groups indicate overall seasonal differences (i.e., 
Taskinas Creek and Muddy Creek samples combined). Lowercase letters above 
bars indicate significant differences between tide stages for that FAME group at 
the same site. Asterisks show differences in tidal or seasonal FAMEs between 
sites. For example, low tide %C18:2+18:3 was higher at Muddy Creek than at low 
















































































Figure 4-5. Box plots showing total n-alkane concentrations (a, b) and n-alkane 
concentrations normalized to particulate organic carbon (c, d) for low (L) and high 
(H) tides and each season (winter-W, spring-Sp, summer-S, fall-F). Error bars 























































Figure 4-6. Mean values of n-alkane groups are presented as a percent of the 
total n-alkane content for each sample analyzed from Taskinas Creek (TC, a) 
and Muddy Creek (MC, b) separated by low (L) and high (H) tides and season 
(winter-W, spring-Sp, summer-S, fall-F). Error bars represent standard error. 
Capital letters above groups indicate overall seasonal differences (i.e., Taskinas 
Creek and Muddy Creek samples combined). No significant differences were 
noted in percent total n-alkane groups by tide. Capital letters above groups 
indicate overall seasonal differences (i.e., Taskinas Creek and Muddy Creek 
samples combined). Lowercase letters above bars indicate significant differences 
between seasons for that n-alkane group at the same site. Asterisks above an n-
alkane group indicate a significant difference between Taskinas Creek and 
Muddy Creek for that same season (i.e., %MCHC was higher at Muddy Creek in 


























































































Figure 4-7. Loadings for the first (PC1) and second (PC2) components of the 


































Figure 4-8. Mean scores for each tide (a) and season (b) of the PCA performed 
with all samples in this study separated by sites – Taskinas Creek (TC) and 
Muddy Creek (MC). Error bars represent standard error. Components used in 






































Table 4-1. Acronyms and abbreviations used in this chapter. 
 
Term  
OM Organic matter 
POM Particulate organic matter 
POC Particulate organic carbon (mg/L) 
DO Dissolved oxygen (mg/L) 
TSS Total suspended solids (mg/L) 
PN Particulate nitrogen (mg/L) 
Chl-a Chlorophyll-a (µg/L) 
Phaeo Phaeophytin (µg/L) 
  
C:Na The atomic ratio of carbon to nitrogen  
d13C 
The relative deviation of the 13C:12C ratio of a sample from 
the 13C:12C ratio of the Pee Dee Belmnite (PDB) standard 
(per mil, ‰). USGS-40 L-glutamic acid used as calibration 
standard (d13C = -26.39‰) 
d15N 
The relative deviation of the 14N:15N ratio of a sample from 
the 14N:15N ratio of air (per mil, ‰). USGS-40 L-glutamic 
acid used as calibration standard (d15N = -4.52‰) 
  
FAME Fatty acid methyl ester 
SCFA Short chain fatty acid 
LCFA Long chain fatty acid 
BrFA Iso- and anteiso- branched fatty acid 
SPUFA Polyunsaturated fatty acid 
  C16PUFA,    
  C20PUFA,  
  C22PUFA 
C16, C18 and C20 Polyunsaturated fatty acids  
C18:2+18:3 Sum of C18 fatty acids with 2 and 3 double bonds 
SCHC Short chain n-alkanes (or hydrocarbons) 
MCHC Mid-chain n-alkanes (or hydrocarbons) 












Table 4-2. Lipid biomarkers (fatty acid methyl esters (FAMEs) and n-alkanes) 
and biomarker proxies with their possible sources and references. These FAME 






 Variable Biomarker Possible Source Reference 





SCFA C12:0 + C14:0 + C16:0 Microbial aquatic Meyers 1997 





Zimmerman & Canuel 
2001; Waterson & 
Canuel 2008 
BrFA iso-C14 + iso-C15 + anteiso-C15 + iso-C16 + iso-C17 + anteiso-C17 Bacteria Fredrickson et al. 1986 
C18:2+18:3 C18:2ω6t + C18:2ω6c + C18:3ω6  + C18:3ω3 
Marsh plants; 
some microalgae Canuel et al. 1997 
C16 PUFA   C16:3 + C16:4  Algae, diatoms Volkman et al. 1989 
C20 PUFA 
C20:4ω6 + C20:3ω3 
 +	C20:4ω3 +	C20:5ω6 + C20:5ω3 Algae, Zooplankton 
Killops & Killops 1993; 
Zimmerman &Canuel 
2001 
C22 PUFA C22:2	+ C22:5ω6 + C22:6ω6 + C22:5ω3 + C22:6ω3 Algae, Zooplankton 




Σ (PUFA16	+	PUFA18 + PUFA20 
+	PUFA22 + C18:2ω6 + C18:3ω6 
+ C18:3ω3 + C18:4) 
Labile ‘fresh’ OM Shaw & Johns 1985 






SCHC n-C15:0 + n-C17:0 + n-C19:0 Algae Cranwell 1982 
MCHC n-C21:0 + n-C23:0 + n-C25:0 Aquatic macrophytes Ficken et al. 2000 
LCHC n-C27:0 + n-C29:0 + n-C31:0 Terrigenous plants Cranwell 1982 
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Table 4-3. Environmental parameters (mean ± S.E.) measured during this study 
at Taskinas Creek (TC) and Muddy Creek (MC) at slack low tide (LT) and slack 
high tide (HT). Bold values indicate significant (p < 0.05) differences between 
Taskinas Creek and Muddy Creek, and superscript letters indicate significant 
differences between tide stages at the same location. 
 




Creek LT HT LT HT 
Temp (ºC) 18 ± 1.4 19 ± 1.6 17 ± 1.9 18.8 ± 2.0 19 ± 2.7 18 ± 2.0 
Salinity 9.1 ± 0.69 10 ± 0.66 5.9 ± 0.75Aa‡ 12.4 ± 0.64Bb 10 ± 0.95A‡ 10 ± 0.95B 
DO (mg/L) 8.3 ± 0.47* 4.9 ± 0.94* 6.7 ± 0.66A 9.9 ± 0.49B‡ 4.4 ± 1.5A 5.3 ± 1.3B‡ 
TSS 
(mg/L) 61 ± 8.0* 10 ± 1.3* 38 ± 5.7
Aa‡ 85 ± 12Bb‡ 9.5 ± 1.6A‡ 11 ± 2.1B‡ 
POC 
(mg/L) 3.0 ± 0.32* 2.4 ± 0.44* 2.1 ± 0.20
A 4.0 ± 0.55B 1.9 ± 0.46A 3.0 ± 0.75B 
PN (mg/L) 0.41 ± 0.04 0.37 ± 0.07 0.27 ± 0.03A 0.54 ± 0.06B 0.30 ± 0.08A 0.43 ± 0.10B 
Chl-a 
(µg/L) 25 ± 3.0* 11 ± 2.1* 15.4 ± 2.4
A 36 ± 4.7B 9.3 ± 2.5A 13 ± 3.3B 
Phaeo 
(µg/L) 18 ± 1.7* 5.9 ± 0.74* 13.6 ± 1.8
A 22 ± 2.6B 6.0 ± 1.2A 5.7 ± 0.96B 
 
* Site differences (p < 0.05) 
A Overall tidal differences (p < 0.05) 
a Tidal differences within site (p < 0.05 













Table 4-4. Environmental parameters (mean ± S.E.) measured during this study for both Taskinas Creek (TC) and Muddy 














 Taskinas Creek Muddy Creek 
 W Sp S F W Sp S F 
Temp. (ºC) 6.4 ± 0.80A 15 ± 1.9B 28 ± 0.39C 19 ± 2.4B 8.0 ± 0.45A 17 ± 2.4B 25 ± 1.1C 17 ± 3.2B 
Salinity 8.7 ± 1.5A 6.9 ± 1.3A 7.7 ± 1.2A 13 ± 0.92B 12 ± 1.7A 7.2 ± 0.88A 9.2 ± 0.58A 7.3 ± 0.79B 
DO (mg/L) 11 ± 0.52A 10 ± 0.78AB 5.7 ± 0.64C 13 ± 0.50B 8.8 ± 2.3A 6.5 ± 1.9AB 1.0 ± 0.46C 5.8 ± 1.4B 
TSS (mg/L) 49 ± 1.9 80 ± 19 68 ± 15 42 ± 9.8 9.5 ± 1.5 11 ± 2.8 9.1 ± 3.2 12 ± 2.5 
POC (mg/L) 1.9 ± 0.27A 3.3 ± 0.58B 4.2 ± 0.80BC 2.4 ± 0.48AC 1.2 ± 0.37A 4.0 ± 1.2B 1.9 ± 0.45BC 1.6 ± 0.29AC 
PN (mg/L) 0.25 ± 0.04A 0.42 ± 0.07B 0.56 ± 0.08B 0.34 ± 0.07AB 0.18 ± 0.02B 0.60 ± 0.17Ba 0.31 ± 0.09Bb 0.25 ± 0.05AB 
Chl-a (µg/L) 16 ± 4.1A 30 ± 6.7B 27 ± 4.3AB‡ 28 ± 7.9AB 6.5 ± 3.8A 20 ± 5.0B 4.1 ± 1.4AB‡ 13 ± 2.2AB 
Phaeo (µg/L) 7.9 ± 1.5A 21 ± 3.5B 22 ± 2.2B 18 ± 4.3B 2.9 ± 0.17A 7.9 ± 1.7B 4.4 ± 0.84B 7.3 ± 1.4B 
A Overall seasonal differences (p < 0.05) 
a Seasonal differences within site (p < 0.05 
‡ Differences between sites for the same season 
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Table 4-5. P-values for ANOVAs that were performed to determine differences in lipid biomarkers by site, tide, season, 
and interactions between sites and tides and sites and seasons. For each biomarker, ANOVAs were performed using their 


















 Percent Total 
 Site Season Tide S x Site T x Site 
%SCFA 0.02 0.50 0.28 0.03 0.19 
%LCFA 0.91 0.82 0.49 0.08 0.12 
%BrFA 0.13 0.32 0.01 0.35 0.12 
%C18:2+18:3 < 0.001 0.21 0.24 0.08 0.005 
%C16PUFA < 0.001 0.11 0.34 0.18 0.96 
%C20PUFA 0.68 0.57 0.31 0.86 0.45 
%C22PUFA 0.69 0.87 0.26 0.14 0.12 
%PUFA 0.98 0.39 0.98 0.009 0.10 
      
%SCHC 0.35 0.32 0.22 0.30 0.54 
%MCHC 0.17 0.003 0.16 0.03 0.13 
%LCHC 0.01 0.02 0.33 0.71 0.21 
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Table 4-7. Literature values for bulk OM proxies used to identify sources of POM at the study sites. References are 















Source d13C d15N C:Na 
Terrestrial Plants -26 to -30a -2 – 2e 12 – 108b 
Terrestrial Soils -23 to -27b 2.6. – 6.4f 8 – 20k 
C3 Brackish Marsh Plants -23 to -26a 3.5 – 5.5g 11 – 169b 
C4 Brackish Marsh Plants -12 to -14a 3 – 7h 12 – 65b 
Freshwater Phytoplankton -24 to -30c 5 – 8i 5.7 – 10l 
Estuarine Phytoplankton -18 to -24a 6 – 9h 7d 
Emergent Macrophytes -25 to -30b 0.4 – 15b 9.4 – 108b 
Submerged Macrophytes -17 to -30b 8.5 – 16b 8.0 – 16b 
Green Macroalgae -18d 8.5 – 10j 8 – 15d 
Estuarine Seston -25 to -27b -1.2 – 11b 4.5 – 10l 
aFry and Sherr 1984 
bCloern et al. 2002 
cAnderson and Arthur 1983 
dGoñi and Hedges 1995 
eDeegan and Garritt 1997 
fRichter et al. 1999 
gSullivan and Moncreiff 1990 
hCurrin et al. 1995 
 
iSigleo and Macko 1985 









CHAPTER 5: PATTERNS IN THE COMPOSITION OF DISSOLVED ORGANIC 



















 The biogeochemistry of the coastal ocean is shaped in part by its 
associated sub-habitats. Marshes can an important source of dissolved organic 
matter (DOM) to estuaries, and, thus, the coastal ocean. This DOM plays an 
integral role in water quality and the overall health of the coastal ecosystem. 
However, our understanding of DOM quality and concentrations in the coastal 
ocean, especially at the marsh-estuarine interface, is limited. To further our 
understanding of DOM cycling in marshes and estuaries, our study measured 
dissolved organic and inorganic carbon concentrations (DOC, DIC) and DOM 
quality, using stable carbon isotopes, excitation emission matrices (EEMS-
PARAFAC) and spectral properties of colored DOM (CDOM). Samplings covered 
different tidal stages, seasons, and environmental conditions. Fluorophores 
identified through EEM analyses showed that the DOM was primarily terrestrially 
and marsh-derived, although marine and microbial sources were also present. 
Concentrations of CDOM were higher at low tide and had higher molecular 
weight, and spectral indices indicated CDOM was less degraded at low tide than 
at high tide. Humic- and fulvic-like components were the dominant components 
observed in EEMs-PARAFAC analysis, whereas the microbial components 
(tyrosine- and protein-like) were much lower. DOC and CDOM concentrations 
were higher in spring and summer due to increased terrestrial and primary 
producer sources, shown through the EEM components, and concentrations 
decreased in fall due to heterotrophy within the marsh and estuary, seen through 
decreased stable carbon isotopic values and increased concentrations of DIC. 
This study showed the compositional variation in CDOM at the marsh-estuarine 
interface within a range of timescales and environmental conditions. The 
seasonal variation and relationships between CDOM concentrations and 
composition and environmental parameters help to elucidate the potential drivers 
of variability and provide insights as to how CDOM may change as these 





 The terrestrial-aquatic interface plays a key role in governing the quantity 
and quality of organic matter (OM) in the coastal ocean (Bauer et al. 2013; 
Regnier et al. 2013; Najjar et al. 2018). In particular, the marsh-estuarine 
interface is a hotspot of biogeochemical activity regulating the production, 
transformation, and burial of both particulate and dissolved OM (POM, DOM, 
Windham-Myers et al. 2018). Tidal marsh systems, including upland wetlands 
and forested areas, are significant sources of colored, or chromophoric, DOM 
(CDOM) to estuaries and the coastal ocean (Tzortziou et al. 2008; Gao et al. 
2011; Osburn et al. 2016). This exported CDOM can play critical roles in 
determining the depth of the photic zone, availability of nutrients, transport of 
pollutants and trace metals, and overall biogeochemistry of the coastal ocean 
(Clark et al. 2008; Osburn et al. 2016). CDOM is derived from both allochthonous 
(terrestrial and marsh plants and soils) and autochthonous (plankton, microalgae) 
sources (Wang et al. 2014; Osburn et al. 2019; Nelson and Siegel 2013; Zhao et 
al. 2017; Kinsey et al. 2018). Sediments can be an additional external source of 
CDOM to marine systems in areas of frequent resuspension, such as estuaries 
(Osburn et al. 2012; Skoog et al., 1996). Once thought to be almost entirely 
refractory, CDOM is subject to both photochemical and microbial degradation. 
Photochemical reactions can be both a source and sink of CDOM, as they can 
transform organic matter into CDOM and can break-down CDOM through direct 
and indirect reactions (Nelson and Siegel 2002). Removal by photochemical 
degradation can result in the degradation of CDOM into lower molecular weight 
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compounds which are more susceptible to microbial degradation, and this is 
thought to be the primary removal process for most aquatic CDOM (Miller and 
Zepp 1995, Clark et al 2019). CDOM can also be modified and respired through 
microbial activity but these processes are thought to be less important than 
photochemical degradation (Stedmon and Nelson 2015).  
Estuaries and tidal wetlands are especially susceptible to climate change 
and anthropogenic perturbations (Cahoon 2006; DeLaune and White 2012; 
Pendleton et al. 2012, Windham-Myers et al. 2018). Climate change impacts 
such as sea level rise, warming, increases in the magnitude and intensity of 
storm events, and changes in streamflow have the ability to greatly alter or 
degrade these habitats (Canuel et al. 2012). With the inevitable loss and 
alteration of wetlands in most locations, estuarine and marsh biogeochemistry 
will change, with consequences for biological and chemical processes in the 
coastal ocean (Henman and Poulter 2008; DeLaune and White 2012; Steinmuller 
and Chambers 2019) Changes in the quantity or composition of the OM in these 
systems will alter water quality, food resources, and energy flow in adjacent 
habitats, with potential negative consequences for aquatic organisms (Morris et 
al. 2008; Craft et al. 2009; Kirwan and Megonigal 2013). The possible increase in 
the severity and frequency of storm events will lead to changes in annual OM 
exports from watersheds through large OM exports during and after these events 
(Cahoon 2006). During storm events, some studies have noted an increase in 
high molecular weight, more aromatic DOM exported to the coastal ocean 
(Nguyen et al. 2010). Warming temperatures will increase rates of 
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photosynthesis, but previous studies have shown that rates of respiration will 
have larger increases (Kirwan et al. 2014). This will have a significant impact on 
the amount and composition of OM that is transported between marshes and 
estuaries and that which is exported to other parts of the coastal ocean.  
Recent studies have noted that sea level rise and associated saltwater 
intrusion will have greatly affect salt marshes. Sea level rise has the ability to 
positively or negatively influence tidal marsh elevation. Marshes that are unable 
to keep-up with sea level rise will drown whereas other marshes may increase in 
elevation if rates of accumulation of sediment and plant biomass increase (Morris 
et al. 2002; Kirwan et al. 2010). Saltwater intrusion will also influence 
biogeochemical processes in upstream freshwater wetlands including rates of 
carbon storage and remineralization and shifts in wetland vegetation (Herbert et 
al. 2015). These changes may manifest through a transition from freshwater to 
saltwater tolerant marsh grasses and a shift in microbial communities with 
different metabolic pathways, both capable of altering marsh structure, 
biogeochemistry, and stability (Neubauer et al. 2013; Li and Pennings 2018; 
Dang et al. 2019). The culmination of the consequences of climate change and 
anthropogenic activities will likely cause substantial changes to OM quantity and 
quality in the coastal ocean. However, the terrestrial-aquatic interface already 
undergoes biogeochemical changes regularly, through changing tides and 
seasons. Current temporal trends and relationships between CDOM and 
environmental conditions may provide the information necessary to understand 
how these habitats may be altered in future climate change scenarios. Thus, in 
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order to better predict these changes, it is important to understand how DOM 
concentrations and quality respond to tidal, seasonal and inter-annual dynamics. 
This study was conducted to understand the temporal patterns of DOM at 
a temperate marsh-estuarine interface and the relationships between CDOM and 
environmental conditions. Recent studies have utilized the spectral properties of 
CDOM to better understand the sources and composition of DOM in the coastal 
ocean (Tzortziou et al. 2008, 2011; Osburn et al. 2016). Our study utilized a 
combination of stable carbon isotopes (d13C), CDOM absorbance, and CDOM 
fluorescence to determine the composition of DOM at a coastal watershed-driven 
marsh creek-estuarine interface. Absorbance and fluorescence provided tools for 
determining the molecular characteristics of CDOM, such as relative molecular 
weight, structural comparisons, and degradation state of CDOM molecules. 
Stable isotope values for dissolved organic carbon (DOC) and dissolved 
inorganic carbon (DIC) were used to determine the sources of bulk DOM and that 
sources fueling respiration, respectively. These data were combined with a suite 
of water quality and environmental data and measurements over tidal and 
seasonal timescales, to provide information about the physical and biological 
drivers of temporal changes in DOM.  
 
2. Methods 
2.1 Study Site 
 This study was conducted at Taskinas Creek located near Williamsburg, 
Virginia, USA (Fig. 5-1). Taskinas Creek drains into the York River estuary, a 
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sub-estuary of Chesapeake Bay. Taskinas Creek is a relatively pristine water 
body, with few pollutants and anthropogenic materials entering from the 
watershed. Taskinas Creek salinities range from 7.0 to 15.7 (1996-2018), and the 
creek has a tidal range of approximately 0.85 to 0.89 m (Reay and Moore 2009). 
Vegetation surrounding the meso- to polyhaline portion of the marsh nearest the 
York River, where this study was conducted, includes Sporobulous alterniflorus 
(formerly Spartina alterniflora), Spartina patens, and Distichlis spicata (Reay and 
Moore 2009). The vegetation transitions into a tidal freshwater marsh upstream 
that is dominated by Zizania aquatic var. aquatica, Pontederia cordata, and 
Peltandra virginica (Myers et al. 2008). In the headwaters of Taskinas Creek, 
there are expanses of tidal hardwood swamps and palustrine forests with 
vegetation such as Carex bromoides, Saurus cernus, and Scirpus lineatus 
(Myers et al. 2008). Most of the soils along Taskinas Creek and its tributaries are 
classified as Bohicket muck soils, which are generally described as poorly 
drained soils derived from OM deposits over clayey fluvial sediments (Hodges et 
al. 1985).  
 
2.2 Sample Collection 
Samples were collected over a tidal cycle approximately once per month 
from March 2014 through November 2016 to analyze DOM at tidal, monthly, and 
seasonal timescales. Near the mouth of the creek, a Teledyne ISCO Full 
Portable ISCO 6712 automatic water sampler equipped with HCl cleaned 
platinum cured silicone tubing and filled with muffled (450 ºC, 4-hr) glass jars was 
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deployed. The ISCO was programmed to collect 1 L of creek water from a depth 
of 25 cm above the creek bed every 2.5-hrs for 25-hrs (11 samples total). All 
ISCO samplings began at low tide. Additional samples were collected using a 
Geotech Geopump™ with HCl cleaned platinum cured silicone tubing into pre-
combusted 8 mL Hungate tubes that were pre-treated with 8 µL HgCl2 to prevent 
microbial activity. These samples were immediately capped and stored under ice 
water to prevent exchange with the atmosphere and microbial alteration until they 
could be analyzed for DIC concentrations. Once sampling had been completed, 
samples were transported to the Virginia Institute of Marine Science (VIMS) for 
sample processing. ISCO collected samples were filtered through 25 mm glass 
fiber filters (Whatman GF/F, 0.7 µm nominal pore size). The filtrate was collected 
for DOC, total dissolved nitrogen (TDN), and CDOM analyses. DOC and TDN 
samples were frozen until analyses could be performed. CDOM samples were 
further filtered through 0.2 µm syringe filters (Acrodisc® 25mm filters with 0.2 µm 
Supor® membranes) and kept refrigerated in the dark. GF/Fs were retained for 
ancillary measurements of particulate organic carbon (POC), chlorophyll-a (chl-
a), and phaeopigments (phaeo). Additionally, a portion of the water was filtered 
through pre-weighed 0.45 µm membrane filters (Nucleopore™) to measure total 
suspended sediments (TSS). 
A separate set of samples were collected in 2018 to determine the stable 
carbon isotope values of DOC (d13CDOC) and DIC (d13CDIC). These samples were 
taken using a Geopump™ with HCl-cleaned platinum-cured silicone tubing and 
filtered using 0.2 µm syringe filters (d13CDOC: Acrodisc® 25mm filters with Supor® 
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membranes; d13CDIC: polythersulfone 25 mm filters) into pre-combusted EPA 
vials. Duplicate samples were collected at one high and one low tide in February, 
May, August, and October 2018. d13CDOC samples were acidified with HCl 
(TraceMetal Grade, Fisher Scientific) to pH 2 before storage. Samples were sent 
to Dr. Christopher Osburn at North Carolina State University for analyses 
following the methods of Osburn et al. (2011). 
 
2.3 DOC, DIC, and CDOM Analyses 
DOC and TDN samples were thawed gently at room temperature before 
analysis. Samples were acidified with 20 µL HCl (TraceMetal Grade, Fisher 
Scientific) and analyzed using a Shimadzu TOC-V with TNM-1 analyzer. Within 
30 days of collection, DIC samples were analyzed using a Licor Infrared CO2 
Analyzer following the methods of Neubauer and Anderson (2003). CDOM 
samples were transported to the Smithsonian Environmental Research Center 
(SERC) for analyses. A CARY 4E UV-Vis Spectrophotometer was used to 
measure absorbance following the methods in Tzortziou et al. (2008). 
Absorbance scans (270 – 750 nm) were used to calculate the absorbance at 440 
nm (a440) and the spectral slope (SCDOM) following the methods in Tzortziou et al. 
(2006) and Tzortziou et al. (2011). Values of a440 can be used to estimate CDOM 
concentrations, while SCDOM values provide information about the molecular 
weight and degradation state of CDOM (Helms et al. 2008). CDOM fluorescence 
was measured using a SPEX Fluoromax 3 (John Yvon Horiba). Excitation 
emission matrices (EEMs) were measured by taking multiple fluorescence 
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emission spectra at continuously increasing excitation wavelengths (Coble et al. 
1990; McKnight et al. 2001). These scans were made over excitation 
wavelengths between 240 and 600 nm at 5 nm increments and emission 
wavelengths between 250 and 600 nm at 2 nm increments. An EEM for 
deionized water was collected each day when samples were run to correct all 
samples for Rayleigh and Raman scattering.  
 
2.4 Data Analysis 
  Statistical analyses were performed using R Statistical Software (R 
Development Core Team 2018). Data were separated by season and tide when 
applicable. Seasons were defined as winter (Dec-Feb), spring (Mar-May), 
summer (Jun-Aug), and fall (Sep-Nov). Tides were defined as low slack, rising 
(between low and high tides), high slack, and falling (between high and low 
tides). When necessary, data were log-transformed to convert the data to a more 
normal distribution, and this was noted when used. The data were analyzed to 
test for tidal and seasonal effects using ANOVA and Tukey pairwise comparison 
tests, and Pearson correlation coefficients were calculated to determine 
correlations between parameters. All tests were checked for heteroscedasticity 
and normality of residuals. CDOM data were processed using MATLAB 
(MATLAB 2015). Absorbance scans were blank corrected using scans of 
deionized water and quantified using the methods described in Tzortziou et al. 
(2008). EEMs were processed using parallel factor analysis (PARAFAC), which 
decomposes the three-dimensional dataset into individual components (Bro 
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1997; Stedmon et al 2003). PARAFAC analyses in this study were completed 
using the drEEM toolbox in MATALB (Murphy et al. 2013). A total of 107 EEMs 
were collected and used in the PARAFAC model. The EEMs data were corrected 
for Raman and Rayleigh scatter using the deionized water blank EEMs. The final 
model was validated using a split-half analysis (Bro 1997). The EEMs data are 




3.1 Dissolved Carbon Concentrations and d13C Values 
 DOC and DIC concentrations during this study ranged from 2.75 to 19.96 
mg/L and from 7.90 to 32.7 mg/L, respectively (Chapter 2). DIC concentrations 
were lowest at high tide (p < 0.0005), while DOC had little significant tidal 
variation (Chapter 2, Fig. 2-5; Table 5-1, this chapter). Both dissolved carbon 
pools exhibited significant seasonal variation. Mean DOC concentrations were 
higher in spring than in summer or fall (p < 0.05), while mean DIC concentrations 
were lowest in spring (p < 0.05) and higher in fall than in spring or summer (p < 
0.05). Values of d13CDOC ranged from -25.09 to -32.25 ‰ during this study, while 
d13CDIC values ranged from -3.12 to -9.69 ‰ (Fig. 5-2). Overall, both d13CDOC and 
d13CDIC had lower (more negative) values at low tide than at high tide (p < 0.05). 
d13CDOC values were lower in summer than in fall (p < 0.05), while mean d13CDIC 
values were lowest in fall (p < 0.0005).  
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3.2 CDOM Absorbance and Fluorescence 
 CDOM absorbance showed both seasonal and tidal variations during this 
study (Table 5-1; Fig. 5-3). Throughout this study, a440 ranged from 0.35 to 6.75 
m-1. SCDOM values ranged from 0.014 to 0.029. Mean a440 values were highest at 
low tide (p < 0.0005) when mean SCDOM values were lowest (Fig. 5-3). Values of 
a440 were higher in spring and summer than in fall (p < 0.05, Fig. 5-3d), mean S-
CDOM values in spring were lower than in fall (p < 0.05, Fig. 5-3e). 
 
3.3 EEMs 
 Data from the EEMs measured in this study were decomposed into five 
components that were used to identify possible sources and composition (Fig. 5-
5). The excitation and emission maxima for each peak can be found in Table 2. 
Using the online database, OpenFluor (Murphy et al. 2014), the components 
identified in this study were matched with components identified in previous 
studies. The descriptions of our components were compiled from studies with a 
Tucker congruence coefficient greater than 0.95 (Murphy et al. 2014). The five 
components (C1, C2, C3, C4, and C5) were matched with 38, 16, 3, 2, and 2 
studies, respectively. C1 matched with the most studies and was identified as 
terrestrial humic-like or similar to a combination of the traditional peak 
classifications (defined in Coble (1996)) of peaks A and C, which are both 
classified as humic-like (Kulkarni et al. 2017; Shutova et al. 2014). C2 was 
identified as protein-like or similar to peak B (tyrosine-like, protein-like) (Wolfbeis 
1995; Coble 1996). Murphy et al. (2008) characterized similar spectra as C2 as 
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containing amino acids that were free or bound in proteins. C3 had characteristics 
of terrestrial sources but has also been linked to algal DOM and shown to 
dominate estuarine DOM signals (Søndergaard et al. 2003). However, most 
studies concluded that this peak is UV-C humic-like and similar to the traditional 
peak M (UV-A humic-like) (Stedmon et al. 2003). Another humic-like component, 
C4, was described as an allochthonous humic-like compound with visible 
fluorescence and strong correlations with lignin phenols (Yamashita et al. 2015). 
Components similar to C5 have not been found in many studies but have been 
characterized as allochthonous protein-like, with correlations to total dissolved 
amino acids (Yamashita et al. 2015; Osburn et al. 2011). 
The intensity of the fluorescence maxima of C1 is higher than other 
components overall, however this cannot be related to its concentration 
(Stedmon and Bro 2008). Terrestrial components, C1 and C4, had higher 
fluorescence maxima during low tides (p < 0.05, Fig. 5-6a). In contrast, the 
microbial components, C2 and C5, showed no tidal variation. The highest mean 
fluorescence maxima of C1, C2, C3, and C4 were measured in spring (p < 0.005, 
Fig. 6b), and the fluorescence maxima of C5 was lower in fall than in spring or 
summer (p < 0.005). 
 
3.4 Correlations Between CDOM and Environmental Conditions 
 Correlations with water quality, nutrient, and other environmental 
parameters can be useful in determining more information about source, 
composition, and the factors that drive variations in DOM quantity and quality. 
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Water temperature and phosphate were correlated positively with a440 (r = 0.37 
and 0.29, respectively), whereas salinity, DO concentrations, and pH were 
correlated negatively with a440 (r = -0.70 (salinity), -0.52 (DO), and -0.59(pH)). 
Salinity was also correlated positively with SCDOM (r = 0.61).  
 The fluorescence maxima of the PARAFAC components had significant 
relationships with most of the listed parameters (Table 5-5). DIC correlated 
negatively with C5 fluorescence maxima (r = -0.47). TSS correlated positively 
with the fluorescence maxima of C3 (r = 0.34) and C5 (r = 0.45). C5 fluorescence 
maxima also correlated positively with phaeo (r = 0.33), POC (r = 0.46), and PN 
(r = 0.49) concentrations. PO43- concentrations correlated positively with the 
fluorescence maxima of C1 (r = 0.46), C2 (r = 0.54), C3 (r = 0.35), and C4 (r = 
0.44) but had no significant correlations with those of C5. As with absorbance and 
synchronous fluorescence, PARAFAC components had contrasting relationships 
between water temperature and salinity, DO, and pH. Water temperature 
correlated positively with C1 (r = 0.61), C2 (r = 0.70), C3 (r = 0.68), C4 (r = 0.60), 
and C5 (r = 0.32) fluorescence maxima. In contrast, salinity correlated negatively 
with the fluorescence maxima for C1 (r = -0.41), C2 (r = -0.23), C4 (r = -0.38), and 
C5 (r = -0.33). DO concentrations also correlated negatively with C1 (r = -0.63), 
C2 (r = -0.73), C3 (r = -0.58), C4 (r = -0.64), and C5 (r = -0.24) fluorescence 
maxima. Finally, pH values negatively correlate with C1 (r = -0.58), C2 (r = -0.56), 





The marsh-estuarine interface is an important part of the coastal 
ecosystem, providing benefits to the environment and humans alike. One of 
these benefits is the role of these environments as a biogeochemical reactor 
where OM from different sources is transformed and respired (Hedges and Keil 
1999; Middleburg and Herman 2007). However, the composition of this OM is not 
fully understood, and this is especially true for DOM (Kujawinski 2011; Minor et 
al. 2014; Moran et al. 2016). More information about the seasonal and tidal 
variability and overall composition of DOM is needed to best assess the sources, 
processes, and fates of DOM in coastal environments. Advances in CDOM 
spectroscopy, high performance liquid chromatography (HPLC), Fourier 
transform ion cyclotron resonance mass spectrometry (FT-ICR-MS), nuclear 
magnetic resonance (NMR), and DOM biomarker methods have enabled more 
thorough examinations of DOM composition, which can lead to a better 
understanding of DOM composition, transformation, and fate within the 
terrestrial-aquatic interface (Minor et al. 2014). But many of these tools require 
considerable resources for their purchase and operation, making them 
unavailable to many researchers. 
In contrast, the absorbance and fluorescence properties of CDOM offer a 
unique, inexpensive tool to decipher tidal and seasonal compositional trends in 
CDOM (Coble 1996; Stedmon et al. 2003; Helms et al. 2008; Spencer et al. 
2009). This information combined with other measures of chemical composition, 
such as stable isotopes in this study, and water quality can provide key insights 
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into the nature of coastal DOM and its role in regulating marsh and estuarine 
biogeochemistry. 
 
4.1 Composition of Marsh and Estuarine DOM 
 Tidal exchange is the primary transport mechanism for DOM within the 
marsh-estuarine interface (Clark et al. 2008; Tzortziou et al. 2008). Thus, a 
comparison of the composition of DOM at high and low tides can help decipher 
the primary sources of OM from the estuary and marsh, respectively. At low tide, 
fluorescence from terrestrial humic-like components C1 and C4 was higher, 
consistent with a CDOM predominantly terrestrial and/or marsh-derived source. 
Marsh and terrigenous soils are typically enriched in humic components (Osburn 
et al. 2016). While the stable isotopic values observed in this system suggest a 
mixture of source signatures, values for both d13CDOC and d13CDIC were lower at 
low tide, also consistent with terrigenous sources. Mean (± S.E.) d13CDOC values 
were -27.85 ± 0.80 ‰, which are similar to C3 emergent terrestrial and marsh 
plants (-26 to -28 ‰; Cloern et al. 2002). In contrast, the mean (± S.E.) values of 
d13CDOC at high tide were somewhat more positive -26.50 ± 0.35 ‰. These 
values are consistent with particulate matter from the York River (-23 to -27‰; 
Countway et al. 2007), however they were higher (more positive) than those 
previously measured for DOC within the York River (-28.8 to -27.9 ‰, Raymond 
and Bauer 2001). d13CDIC values during low tide (Fig. 5-2b) are similar to values 
measured previously in groundwater (-10.3 ‰, Tobias and Böhlke 2011), 
especially during fall. Neubauer and Anderson (2003) suggested that 
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groundwater could be an important source of DIC to creek waters. Heterotrophic 
respiration can also draw down values of 13CDIC (Parker et al. 2010). 
Photosynthesis preferentially uses 12C, enriching the water column with a higher 
proportion of 13C to 12C; respiration releases 12C back into the water column, 
depleting d13C values (Parker et al. 2010). Previous studies have highlighted 
marshes as areas of high respiration due to the high amounts of labile OM 
(Neubauer et al. 2000; Raymond et al. 2000; Wang et al. 2016), and primary 
production of the York River estuary could have resulted in the higher (less 
negative) values of d13CDIC at high tide.  
 Spectroscopic measurements are also consistent with a mixture of marsh 
and aquatic OM sources at this interface. Saltwater marshes have been shown to 
be a primary source of CDOM to estuaries, and previous studies have shown 
that marsh CDOM was characterized by high molecular weight and relatively 
fresh (i.e., not degraded) compounds (Tzortziou et al. 2008; Clark et al. 2008). 
Absorbance measurements in this study confirmed these conclusions. Higher 
values of a440 at low tide are consistent with the marsh providing a source of 
CDOM (Fig. 5-3a). Lower values of SCDOM during low tide suggest higher 
molecular weight and decreased microbial degradation and photobleaching (Fig. 
5-3b, c). The increased fluorescence maxima of C1 and C4 is another indicator of 
the increased presence of both terrestrial humic-like and fulvic-like compounds in 
Taskinas Creek at low tide (Fig. 6). High molecular weight, aromatic CDOM has 
higher photoreactivity and is more susceptible to microbial degradation (Tzortziou 
et al. 2007). This degradation likely happens when CDOM enters the estuary and 
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is exposed to light (Tzortziou et al. 2011). The forested region of Taskinas Creek 
is shaded, and CDOM is relatively unexposed to sunlight until it reaches the 
mouth of the creek and the estuary, which may allow it to maintain its high 
molecular weight and aromaticity character. Lu et al. (2013) found that, in 
comparison with human-modified lands, DOM in streams draining forested 
watersheds was more photoreactive. They cited that this was in part due to the 
terrestrial plant source of this DOM as well as the lack of previous light exposure. 
In contrast, values for SCDOM increased (i.e., lower molecular weight) at high tide 
(Fig. 5-3b), consistent with exposure to sunlight and/or microbial alteration in the 
estuary. EEM components that represent terrestrial humic material were also 
lower at high tide (Fig. 5-6a). Interestingly, the tyrosine-like or autochthonous 
protein-like (i.e., algal or aquatic organisms) did not change over the tidal cycle 
(Fig. 5-6a).  
 
4.2 Seasonal and Biological Drivers of DOM Quality  
 The exchange of DOM across the marsh-estuarine interface is further 
complicated by the changing seasons and their effects on biological and physical 
processes. Seasonal changes in physical processes such as streamflow 
influence turbidity, salinity, and nutrient delivery (Sin et al. 1999; Countway et al. 
2007).  Biological processes such as primary production and respiration are also 
influenced by season, influencing DOM concentrations and composition 
(Raymond and Bauer 2001; Schultz et al. 2003; McCallister et al. 2004). Spring 
was characterized by higher concentrations of DOC and chl-a, lower 
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concentrations of nutrients (PO43- and DIN) and DIC, and lower salinity (Table 5-
1). These results are consistent with the spring phytoplankton bloom that 
generally begins around February to March in the York River (Marshall 2009; 
Countway et al. 2007; McCallister et al. 2004; Sin et al. 1999). However, the 
seasonal pattern of CDOM does not track the spring bloom in the York. Instead, 
it shows an increase in humic-like components from vascular plant and soil-
derived OM. This suggests that phytoplankton production has a small effect on 
CDOM relative to humic- and fulvic-like components. SCDOM values were lower 
and SFR values were higher in spring, consistent with an increase in molecular 
weight and terrestrial influence (Fig. 5-3e, 5-4f) (Helms et al. 2008). Thus, spring 
CDOM composition may reflect higher runoff of materials from the watershed. 
River flow is higher during spring, seen in the lower salinity and increased TSS 
associated with this time period (see Chapter 2, Fig. 2-1) (Reay 2009). During 
periods of higher river flow, the York River estuary may form two estuarine 
turbidity maxima, one upstream of Taskinas Creek in the Pamunkey River and 
one downstream of Taskinas Creek (Lin and Kuo 2003). OM from the estuarine 
watershed may be trapped and processed within the estuarine turbidity maxima 
and organic matter may be desorbed from suspended particulate matter as 
particles from the watershed and freshwater regions encounter salt (Hedges and 
Keil 1999). The proximity of the entrance to Taskinas Creek to these estuarine 
turbidity maxima as well as the strong flood tides of the York River may be an 
important source of allochthonous CDOM during periods of increased river flow.  
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 CDOM concentrations, estimated through a440, were higher in summer 
(compared to fall and winter) and had both microbial and terrestrial components. 
This was seen through decreased (more negative) d13CDOC values at low tide 
(Fig. 5-2a) and increased fluorescence maxima of EEM components C1, C2, C3, 
and C4 (Fig. 5-6). Increased water temperatures likely contributed to secondary 
summer phytoplankton blooms (Reay 2009), which increased chl-a 
concentrations (Chapter 2 – Figure 2-4). Additionally, increased fluorescence of 
C2 showed the increase in microbial components within the marsh and estuary. 
However, the terrestrial EEM components (C1, C3, and C4) also increased, 
showing an overall increase of both microbial and terrestrial CDOM in summer 
(Fig. 5-6). Furthermore, the d13CDOC values suggest a mixture of estuarine 
phytoplankton, marsh, and terrigenous sources. Values of  d13CDOC ranged from -
25.64 to -32.25 ‰ showing a range of possible sources previously measured in 
the York River estuary, including high molecular weight DOM (d13C: -22.3 to -
27.8, McCallister et al. 2004), humics (d13C: -27.5, McCallister et al. 2004), 
freshwater phytoplankton (d13C: -27.5 to -34.6, Raymond and Bauer 2001), and 
mid-salinity York River phytoplankton (d13C: -21.8 to -24.2, Raymond and Bauer 
2001)  
Previous studies have noted the importance of heterotrophic respiration 
within the York River in late summer and fall. Raymond et al. (2000) found strong 
seasonal patterns of DIC production, with increases in the August and November 
associated with net heterotrophy. Another study noted increased impact on OM 
by zooplankton, and thus heterotrophy, in summer and fall (McCallister et al. 
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2006). Additionally, in Sweet Hall marsh, upstream of Taskinas Creek in the 
Pamunkey River, Neubauer and Anderson (2003) measured highest export of 
DIC in July and August.  In Massachusetts, Wang et al. (2016) attributed higher 
DIC concentrations in fall to be due to both aerobic and anaerobic respiration. 
Chapter 2 showed increased DIC concentrations in the fall, consistent with the 
results of Wang et al. (2016), and the decreased (more negative) d13CDIC values 
could reflect an increase in fall respiration relative to production (Fig. 5-2b). 
These values are also similar to those found in marsh porewater (collected in 
Sweet Hall marsh, upstream of Taskinas Creek) near the creek edge (d13CDIC: -
11.2 to -15.3 ‰, Neubauer 2000). Marsh porewater can accumulate higher 
concentrations of DIC due to high rates of respiration within the soils, and at low 
tide, this can be an important source of DIC to the marsh creek (Cai et al. 1999; 
Neubauer and Anderson 2003). However, the fall d13CDIC values resemble that of 
groundwater (-10.3 ‰, Tobias and Böhlke 2011), and thus it is possible that a 
combination of fall respiration and lower fall streamflow lower fall streamflow 
(Reay 2009) contributed to the d13CDIC composition seen in fall.  
In winter, the measured temperatures were lowest as were the 
concentrations of chl-a and phaeo (Chapter 2 – Fig. 2-4). This decrease in 
primary producer biomass was accompanied by decreased a440 (compared to 
spring and summer), indicating decreased CDOM concentrations as well. There 
is likely less leaching of DOM from soils at this time due to lower streamflow, but 
these decreased CDOM concentrations may also be due to the decrease in 
primary producer biomass. Some studies report that primary producers can be 
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an important source of CDOM (Wang et al. 2014, Zhao et al. 2017; Kinsey et al. 
2018; Osburn et al. 2019). 
 
4.3 Possible Climate Change Impacts on DOM Quality 
 Predicted climate change impacts to the Chesapeake Bay region include 
higher temperatures, streamflow, nutrients, and turbidity, decreased precipitation, 
and increased frequency and intensity of storm events (Canuel et al. 2012; Najjar 
et al. 2010). These could impact the quantity and quality of DOM at the marsh-
estuarine interface. The combination of increased temperature and nutrients will 
have a significant effect on aquatic primary production causing larger and 
extended phytoplankton blooms (Najjar et al. 2010; Doney et al. 2012). However, 
the effect of temperature may be stronger on respiration than on production 
(López-Urrutia et al. 2006; Cavicchioli et al. 2019). There was a significant effect 
of temperature on a440 (Table 5-3) as well as on the three terrestrial humic- and 
fulvic-like EEMs and two protein-like EEM components (Table 4). While all forms 
of CDOM will likely have increased concentrations due to warming, the effects of 
warming may also lead to an increased respiration of CDOM within the coastal 
ocean (Cai 2011). Changes in CDOM concentrations, will also influence light 
availability in the water column. While CDOM can hinder photosynthesis by 
absorbing light, it can also block potentially harmful UV-B and UV-A radiation 
(Blough and Green 1995). However, this increase in CDOM may coincide with 
increased turbidity due to increased streamflow in winter and spring (Canuel et 
al. 2012). Increased streamflow also has the potential to increase CDOM 
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concentrations in the water column due to increased leaching from soils, further 
complicating predictions (Canuel et al. 2012; Najjar et al. 2009, 2010). Another 
predicted effect of climate change is the increase in frequency and intensity of 
storms. Recent studies have shown that storm events can greatly increase the 
amount and quality of OM exported from a watershed during a storm event 
(Inamdar and Mitchell 2007; Inamdar et al. 2011; Cammer 2015). Additionally, 
the timing and severity of the storm event can impact the quality and quantity of 
DOM exported which can further complicate future predictions (Inamdar et al. 
2011). There are many possible consequences of climate change on marsh-
estuarine DOM, and some of these consequences may interact with each other, 
such as increased CDOM export and increased respiration. However, the extent 
of these effects is still undetermined, and thus the effect of climate change on 
CDOM dynamics at the marsh-estuarine interface is still unknown. 
 
5. Conclusions 
 The sources, drivers, and trends of DOM concentrations and composition 
at the marsh-estuarine interface are complex, and an understanding of them can 
be complicated by several factors, including temporal and geographical trends. 
This study contributes new information about DOM dynamics at the marsh-
estuarine interface by examining DOM composition at seasonal and tidal 
timescales using different methods. In terms of tidal trends, the composition was 
dominated by terrestrial, high molecular weight compounds from the marsh at 
low tide and low molecular weight, labile, microbial compounds at high tide. The 
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combination of these provided a rich mixture that could benefit both primary 
producers and heterotrophs in the water column as both a food source and as 
protection from harmful UV radiation and influence biogeochemical interactions in 
the marsh. Overall, the seasonal changes in DOM composition can be related to 
changes in biological processes such as primary production and respiration, 
physical processes such as increased streamflow and runoff, and the wide 
variety of source materials that enter this habitat throughout the year. The 
impacts that these processes have on DOM will only be further complicated by 
climate change. Thus, a current baseline understanding of the processes 
occurring at the terrestrial aquatic interface is crucial to better predict these 
impacts. Results from studies such as this one will provide the data necessary to 
contribute to this baseline understanding, and this knowledge will be key to 
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Figure 5-1. Samples for this study were taken from Taskinas Creek (black star) 
























Figure 5-2. Duplicate high tide (HT, black circles) and low tide (LT, grey triangles) 
measurements of d13CDOC (a) and d13CDIC (b) were made for each season (winter 
(W), spring (Sp), summer (S), and fall (F). Generally, d13C values for both DOC 
































Figure 5-3. Box plots showing the absorbance at 440 nm (a440; a,c) and spectral 
slope (SCDOM; b,d) for low slack (LT), rising (RT), high slack (HT), and falling (FT) 
tides and for winter (W), spring (Sp), summer (S), and fall (F). Both a440 and 
SCDOM were statistically different (p<0.05) at low tide, with high a440 values and 
low SCDOM values suggesting marsh and terrestrial sources of CDOM. Seasonal 














































Figure 5-4. EEM components determined by PARAFAC analyses. Top row (L-R): 
C1 (terrestrial humic-like), C2 (tyrosine-like), C3 (UV-C humic-like). Bottom row (L-
R): C4 (terrestrial humic-like) and C5 (protein-like). More information about the 













Figure 5-5. Tidal (low slack (LT), rising (RT), high slack (HT), and falling (FT) 
tides) fluorescence maxima of the five EEM components (C1, C2, C3, C4, C5). 
Only C1 and C4 had significant tidal trends with higher values at low tide, and 

























Figure 5-6. Seasonal (winter (W), spring (Sp), summer (S), and fall (F) 
fluorescence maxima of the five EEM components (C1, C2, C3, C4, C5). All 
components, except C5, were higher in summer, and these are denoted by the 




























Table 5-1. Commonly used acronyms and abbreviations. 
 
Term  
DOC Dissolved organic carbon (mg/L) 
DIC Dissolved inorganic carbon (mg/L) 
d13CDOC 
The relative deviation of the 13C:12C ratio of a sample of DOC from the 
13C:12C ratio of the Pee Dee Belmnite (PDB) standard (per mil, ‰). 
d13CDIC 
The relative deviation of the 13C:12C ratio of a sample of DIC from the 
13C:12C ratio of the Pee Dee Belmnite (PDB) standard (per mil, ‰). 
  
a440 The absorbance of CDOM of 440 nm (m-1) 
SCDOM 
The slope of the absorbance curve of CDOM; estimated by applying 
nonlinear exponential regression to a440 measured in the complete 
spectral range of measurements (270 – 600 nm) 
  
C1 
The first component identified by the PARAFAC analyses of the EEM 
samples (see Table 5-3) 
C2 
The second component identified by the PARAFAC analyses of the 
EEM samples (see Table 5-3) 
C3 
The third component identified by the PARAFAC analyses of the EEM 
samples (see Table 5-3) 
C4 
The fourth component identified by the PARAFAC analyses of the 
EEM samples (see Table 5-3) 
C5 
The fifth component identified by the PARAFAC analyses of the EEM 
samples (see Table 5-3) 
FMax The fluorescence maxima of the EEM component 
  
TSS Total suspended solids (mg/L) 
Chl-a Chlorophyll-a (µg/L) 
Phaeo Phaeophytin (µg/L) 
POC Particulate organic carbon (mg/L) 
PN Particulate nitrogen (mg/L) 
DON Dissolved organic nitrogen (mg/L) 
DIN Dissolved inorganic nitrogen (mg/L); sum of the concentrations of NH3, NH4+, NO3-, and NO2- 
PO43- Phosphate (mg/L) 
DO Dissolved oxygen (mg/L) 
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Table 5-2. Two-way ANOVAs were used to determine the effect of seasonal and 
tidal variation on dissolved carbon, stable isotopes of dissolved carbon, 
absorbance of CDOM, and the fluorescence maxima of the five EEM 
components. Both the F and p-values are listed, and values are bolded if they 







  Tide  Season 
  F p  F p 
DOC 2.75 0.045  5.15 0.002 
DIC 27.42 < 0.0005  24.10 < 0.0005 
      
d13CDOC 10.78 0.011  7.14 0.01 
d13CDIC 170.8 < 0.0005  83.24 < 0.0005 
      
a440 40.42 < 0.0005  18.21 < 0.0005 
SCDOM 18.54 < 0.0005  3.91 0.010 
      
C1 12.24 < 0.0005  23.46 < 0.0005 
C2 2.45 0.072  20.87 < 0.0005 
C3 0.58 0.630  17.50 < 0.0005 
C4 9.92 < 0.0005  20.52 < 0.0005 
C5 1.72 0.172  10.09 < 0.0005 
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Table 5-3. Identification of the five EEM components determined by PARAFAC analyses. For each component, the 











C1 355 460 
Terrestrial humic-like 
Humic-like, terrestrial derived OM 
Similar to traditional peaks “A” + “C” 
Kulkarni et al. 2017 
Shutova et al 2014 
C2 255, 305 404 
Amino acids, free or bound in proteins 
Tyrosine-like 
Similar to traditional peak “B” 
Murphy et al. 2008 
Wolfbeis 1985 
Coble 1996 
C3 280 394 Similar to traditional humic “M” peak UV-C humic-like 
Søndergaard et al 2003; Coble 1996 
Stedmon et al 2003 
C4 275, 410 502, 508 UV-Vis allocthonous humic-like Terrestrial humic-like, fulvic-acid like 
Gonçalves-Araujo et al. 2015 
Yamashita et al 2015 
C5 275, 310 304-336 Autochthonous protein-like Protein (tyrosine)-like 
Osburn et al. 2011 
Yamashita et al. 2015 
 213 
Table 5-4. Correlations between absorbance measurements (absorbance at 440 
nm, spectral slope, and the slope ratio) and dissolved carbon concentration and 
ancillary measurements. Log normalization is noted if used. Both the Pearson 
correlation coefficient ® and p-values are listed, and values are bolded if they are 






 a440  SCDOM  
 r p  r p  
DOC 0.22 0.004  -0.16 0.04  
DIC 0.05 0.66  0.08 0.44  
       
TSS 0.11 0.22  0.10 0.28  
Chl-a -0.10 0.17  0.13 0.07  
Phaeo 0.04 0.55  0.13 0.07  
POC 0.07 0.30  -0.01 0.88  
PN 0.02 0.72  0.04 0.51  
DON -0.02 0.81  -0.05 0.54  
DIN 0.08 0.31  -0.04 0.64  
PO43- 0.29 0.0001  -0.12 0.11  
       
Water Temp 0.37 < 0.0005  0.01 0.93  
Salinity -0.70 < 0.0005  0.61 < 0.0005  
DO -0.52 < 0.0005  0.09 0.21  
pH -0.59 < 0.0005  0.24 0.0004  
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Table 5-5. Correlations between the five EEM components and dissolved carbon concentration and ancillary 
measurements. Both the Pearson correlation coefficient ® and p-values are listed, and values are bolded if they are 















 C1 C2 C3 C4 C5 
 r p r p r p r p r p 
DOC 0.16 0.28 0.02 0.87 0.09 0.54 0.13 0.36 0.00 1.0 
DIC 0.07 0.67 0.01 0.96 0.12 0.47 0.08 0.61 -0.47 0.002 
TSS 0.04 0.78 0.10 0.47 0.34 0.01 0.06 0.65 0.45 < 0.001 
Chl-a -0.19 0.15 -0.09 0.49 0.06 0.64 -0.14 0.30 0.24 0.07 
Phaeo -0.03 0.82 0.08 0.58 0.26 0.05 -0.01 0.95 0.33 0.01 
POC -0.01 0.90 0.02 0.84 0.20 0.07 0.02 0.87 0.46 < 0.001 
PN 0.02 0.87 0.10 0.36 0.25 0.02 0.05 0.65 0.49 < 0.001 
DON -0.16 0.30 -0.32 0.03 -0.45 0.002 -0.17 0.26 -0.27 0.07 
DIN 0.00 0.99 0.04 0.76 -0.05 0.74 -0.06 0.70 -0.21 0.14 
PO43- 0.46 0.001 0.54 < 0.001 0.35 0.01 0.44 0.001 -0.05 0.74 
Temp 0.61 < 0.001 0.70 < 0.001 0.68 < 0.001 0.60 < 0.001 0.32 0.004 
Salinity -0.41 < 0.001 -0.23 0.04 -0.08 0.46 -0.38 < 0.001 -0.33 0.003 
DO -0.63 < 0.001 -0.73 < 0.001 -0.58 < 0.001 -0.64 < 0.001 -0.24 0.03 


























 Whether they are termed “biogeochemical hot spots” or “ecosystem 
control points,” marshes and estuaries are some of the most important habitats in 
the coastal ocean and play a critical role in the coastal carbon cycle. While these 
regions occupy a small area relative to the larger coastal ocean, they play 
important roles as habitat for economically important fisheries, sinks for excess 
nutrients and toxins, and protection from flooding (Najjar et al. 2010; Canuel et al. 
2012). In addition, carbon export from marshes influences estuarine processes, 
such as microbial metabolism and air-sea exchange of CO2 (Cai 2011; Canuel et 
al. 2012). Through their interactions with terrestrial ecosystems, adjacent 
estuaries, and the atmosphere, marshes act as important sites of exchange, 
transformation and carbon sequestration. These areas may also have extensive 
stores of sequestered carbon and may play an important role in removal of 
anthropogenic CO2 from the atmosphere over short (years) to long (centuries) 
periods of time (McLeod et al. 2011).  
While the number of studies measuring carbon composition and fluxes are 
increasing, a consensus about the magnitude and direction of wetland-estuary 
carbon fluxes is still unavailable (Herrmann et al. 2015; Najjar et al. 2018). Both 
Herrmann et al. (2015) and Najjar et al. (2018) compiled estimates of carbon 
fluxes along the east coast of North America and found high variability and 
uncertainty in these fluxes between and within each system. Current 
measurements of carbon fluxes between wetlands and estuaries are also limited 
by the paucity of studies capturing the full range of spatial and temporal 
variability (e.g., limited tidal, seasonal, and geographic coverage). The marsh-
 217 
estuarine interface is an area of important land-ocean interactions with important 
ties to the coastal carbon cycle. With impending changes in temperature, storm 
events, and sea level rise caused by climate change, it is essential to have 
reliable baseline estimates of carbon fluxes that encompass current temperature 
ranges and storm events. These data will be needed to model and predict how 
coastal ecosystems will change under future scenarios. 
 The results of this dissertation add to the growing body of literature 
focused on marsh-estuarine interactions by determining the primary temporal 
trends, drivers, fluxes, and composition of POC, DOC, and DIC at a temperate 
marsh-estuarine interface within the Chesapeake Bay. Each carbon pool reacted 
differently to changing tides, seasons, and environmental conditions, 
emphasizing the need for more studies using high-frequency, long-term sampling 
strategies. The seasonal patterns and drivers of each carbon pool emphasized 
the importance of biological processes, such as primary production and 
respiration, on variations in carbon concentrations. Additional information 
provided through environmental and water quality monitoring was used to show 
the importance of physical processes, such as streamflow, turbidity, salinity, and 
temperature on each of these pools. Tools such as carbon and nitrogen isotopes, 
lipid biomarkers, and the optical properties of colored dissolved organic matter 
(CDOM) helped to identify the primary sources of these pools, as well as 
variations in composition and source due to changing tides and seasons.  
 Recent studies have highlighted the temporal variability in carbon 
concentrations at the terrestrial-aquatic interface, but few have focused on more 
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than one carbon pool. The second and third chapters of this dissertation 
discussed the temporal variability in both concentrations and fluxes of POC, 
DOC, and DIC. This approach provided a more holistic view of these habitats 
and helped elucidate the biological and physical processes affecting each pool 
(Fig. 6-1). For example, POC concentrations increased and DIC concentrations 
decreased in spring, likely caused by the increase in primary production drawing 
down DIC concentrations while creating POC. In contrast, late summer to early 
fall POC concentrations decreased while DIC concentrations increased. As this 
time period is often associated with higher rates of respiration, this was likely an 
important determinant in the variability of both POC and DIC concentrations. 
Additionally, there has been a consistent need for more carbon flux data at the 
terrestrial-aquatic interface, and this study provided three years of high-frequency 
flux data for each carbon pool showing an overall net export of carbon from the 
marsh to the estuary. The use of three different flux calculation methods showed 
the importance of utilizing similar methodology between studies for better results, 
however the results did not differ much in terms of annual carbon budgets. The 
results from the regression analyses performed show that water quality 
monitoring programs can be used to also monitor carbon concentrations, give 
enough carbon measurements have already been made to create these 
relationships. Another result of the flux chapter was that Taskinas Creek was an 
overall source of carbon to the York River estuary but was a net sink of POC and 
DOC. These findings were similar to other studies (see Chapter 3, Table 3-3), 
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however there was no obvious pattern or trend in carbon fluxes between studies 
or study locations. 
 Compositional data elucidated the primary sources and composition of 
both particulate organic matter (POM) and dissolved organic matter (DOM), 
highlighting the varying processes and sources that affect each pool. As has 
been previously reported in the York River (McCallister et al. 2004, 2006; 
Countway et al. 2007), much of the POM measured in Taskinas Creek was found 
to consist of primarily labile, algal material. This composition can have direct 
effects on biological activity in both the marsh and estuary, as sources of this 
labile POM will likely lead to increased respiration. Much of this POM is also 
thought to be introduced into the marsh via estuarine turbidity, as Taskinas Creek 
is located between the primary and secondary estuarine turbidity maxima in the 
York River (Lin and Kuo 2003). In contrast, much of the DOM measured in 
Taskinas Creek was found to be composed primarily of humic-like and fulvic-like 
compounds derived from terrestrial plants and soils. This DOM can provide fuel 
for microbial respiration as well as UV protection for aquatic organisms (Moran et 
al. 2000; Anderson et al. 2001). This DOM is also highly photoreactive and can 
be photochemically degraded quickly, and this photodegradation can lead to 
further microbial degradation (Mopper and Kieber 2000; Lu et al. 2013). Microbial 
degradation of other forms of OM can also lead to the production of CDOM, and 
this was measured in this study via the presence of protein-like compounds, 
however these compounds may have also been produced during periods of 
increased primary production (Coble 2007). While both lipid biomarkers and 
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CDOM spectroscopy measure only a portion of the POM and DOM pools, 
respectively, these results highlight the importance of the OM exchanged at this 
interface to the overall productivity and ecological functions of these habitats. 
 
Limitations of This Study 
 Limitations of this study were generally related to sampling efforts, which 
were chosen as the best possible use of time and resources. Monthly samplings 
of one tidal cycle are not commonly seen in literature when measuring carbon 
concentrations or fluxes, but advances in methodology since the beginning of this 
project show that water quality monitoring sondes with long-term deployments 
and high frequency samplings may be better suited for estimating both carbon 
concentrations and fluxes, if appropriate regressions can be calculated. 
Additionally, storm events have been shown to significantly impact annual carbon 
exports, however no major storm events occurred or were captured in the 
sampled months. An additional limitation of this study was the use of the tidal 
prism approach to calculate water fluxes for carbon flux determinations. We had 
no direct method of calculating water fluxes in Taskinas Creek, and the use of 
the tidal prism approach was determined to be the most efficient and accurate 
means of calculating water fluxes for this study. In an attempt to better these 
fluxes, LIDAR imagery was used to incorporate inundation changes, however this 
did not significantly alter the results of overall net fluxes. Finally, as mentioned in 
recent reports and studies, more data are needed from a range of study locations 
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with varied environmental, geographical, and ecological conditions. While this 
study intensely studied one location, more studies like this are necessary. 
 
Conclusions 
This project and the associated data add three years of carbon 
concentrations and fluxes, insights into the primary drivers and temporal trends, 
and temporal descriptions of both POM and DOM composition. While these data 
alone add to the growing number of studies concerning coastal carbon 
biogeochemistry, these results can also be used to reiterate the need for 
consistent and repeated methods in samplings, measurements, and calculations. 
This study also emphasized the importance of measuring multiple carbon pools 
simultaneously to provide a more holistic and broader view of these habitats and 
the importance of understanding the overall composition of organic matter at this 
interface. This study was conducted to enrich our understanding of marsh-
estuarine biogeochemistry and has done so through high-frequency, long term 
samplings that measured and calculated concentrations and fluxes of carbon and 
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Figure 6-1. A representation of the primary sources and processes that affect 
each carbon pool. The size of the arrow represents the magnitude of the flux 





























































APPENDIX A:  
Carbon concentrations are presented for particulate organic carbon (POC), 
dissolved organic carbon (DOC), dissolved inorganic carbon (DIC), particulate 
nitrogen (PN), total dissolved nitrogen (TDN), total suspended solids (TSS), 
chlorophyll-a (chl-a), and phaeophytin (phaeo). Each sample is also identified by 
the sampling time (EST), season (winter (W), spring (Sp), summer (S), and fall 
(F)), and tide stage (low (L), rising (R), high (H), and falling (F)). Note that DIC 
samples were only collected for Nov 2013 – Dec 2014 and May 2015. Samples 
























Table A-1. Carbon and nitrogen concentrations for this study (Oct-Dec 2013). 
 
Date/Time Season Tide POC DOC DIC PN TDN 
10/14/13 13:45 F L 2.17 7.19 NA 0.28 0.067 
10/14/13 16:15 F R 3.43 6.50 NA 0.46 0.097 
10/14/13 18:45 F H 2.76 5.62 NA 0.40 0.171 
10/14/13 21:15 F F 2.41 5.20 NA 0.45 0.150 
10/14/13 23:45 F F 4.06 6.47 NA 0.40 0.103 
10/15/13 2:15 F L 3.03 7.50 NA 0.34 0.047 
10/15/13 4:45 F R 2.31 8.93 NA 0.29 0.103 
10/15/13 7:15 F R 2.92 8.30 NA 0.41 0.147 
10/15/13 9:45 F F 2.79 7.89 NA 0.36 0.182 
10/15/13 12:15 F F 3.55 7.77 NA 0.40 0.134 
10/15/13 14:45 F L 2.36 6.82 NA 0.27 0.075 
11/11/13 11:30 F L 1.23 6.61 29.55 0.18 0.058 
11/11/13 14:00 F R 2.18 5.35 22.07 0.32 0.128 
11/11/13 16:30 F H 2.13 7.34 21.33 0.24 0.130 
11/11/13 19:00 F F 1.89 4.81 21.38 0.25 0.126 
11/11/13 21:30 F F 1.05 4.39 26.34 0.19 0.067 
11/12/13 0:00 F L 1.49 4.45 30.14 0.20 0.047 
11/12/13 2:30 F R 3.48 4.93 22.17 0.49 0.120 
11/12/13 5:00 F H 1.71 4.88 21.58 0.19 0.124 
11/12/13 7:30 F F 1.00 4.85 21.61 0.16 0.111 
11/12/13 10:00 F F 0.76 5.28 26.07 0.11 0.080 
11/12/13 12:30 F L 1.88 4.18 28.88 0.23 0.116 
12/11/13 12:15 W L 1.70 5.39 23.91 0.22 0.031 
12/11/13 14:45 W R 2.74 4.53 19.40 0.36 0.184 
12/11/13 17:15 W H 1.77 4.82 18.48 0.25 0.186 
12/11/13 19:45 W F 1.11 4.56 19.36 0.17 0.114 
12/11/13 22:15 W F 1.13 4.91 22.01 0.16 0.039 
12/12/13 0:45 W L 1.41 5.22 24.26 0.17 0.022 
12/12/13 3:15 W R 4.72 4.55 18.89 0.64 0.168 
12/12/13 5:45 W H 2.64 4.71 18.88 0.39 0.194 
12/12/13 8:15 W F 1.92 4.82 18.97 0.29 0.185 
12/12/13 10:45 W F 1.67 3.79 20.15 0.21 0.098 





Table A-2. Carbon and nitrogen concentrations for this study (Jan-Mar 2014). 
 
Date/Time Season Tide POC DOC DIC PN TDN 
1/9/14 11:45 W L 1.71 4.46 24.14 0.28 0.229 
1/9/14 14:15 W R 8.52 4.63 18.92 1.22 0.736 
1/9/14 16:45 W H 5.47 2.62 12.53 0.79 0.603 
1/9/14 19:15 W F 3.54 4.69 12.74 0.47 0.514 
1/9/14 21:45 W F 1.51 3.52 23.81 0.22 0.162 
1/10/14 0:15 W L 1.29 3.85 24.28 0.25 0.089 
1/10/14 2:45 W R 4.59 4.67 13.89 0.63 0.311 
1/10/14 5:15 W H 4.52 4.47 11.79 0.63 0.728 
1/10/14 7:45 W F 4.64 4.67 12.16 0.79 1.292 
1/10/14 10:15 W F 1.89 4.15 18.62 0.32 0.381 
1/10/14 12:45 W L 1.14 3.99 22.72 0.19 0.072 
2/10/14 14:00 W L 2.32 7.90 17.34 0.35 0.277 
2/10/14 16:30 W R 3.94 9.03 11.49 0.64 0.796 
2/10/14 19:00 W H 9.59 8.86 11.34 1.39 1.538 
2/10/14 21:30 W F 9.34 4.09 12.24 1.31 0.787 
2/11/14 0:00 W F 1.99 3.71 20.79 0.32 0.196 
2/11/14 2:30 W L 1.22 3.56 23.19 0.22 0.097 
2/11/14 5:00 W R 10.16 4.24 14.52 1.52 1.929 
2/11/14 7:30 W R NA NA 11.32 NA NA 
2/11/14 10:00 W F 15.96 4.56 11.26 1.86 2.346 
2/11/14 12:30 W F 7.32 4.19 14.63 1.07 1.575 
2/11/14 15:00 W L NA 3.55 23.21 NA 0.540 
3/10/14 13:30 Sp L 1.12 4.35 22.25 0.14 0.024 
3/10/14 16:00 Sp R 6.35 4.81 9.95 0.74 0.646 
3/10/14 18:30 Sp H 4.88 5.08 9.38 0.75 0.744 
3/10/14 21:00 Sp F 6.13 4.96 10.12 0.86 0.985 
3/10/14 23:30 Sp F 2.12 4.67 18.54 0.35 0.207 
3/11/14 2:00 Sp L 1.37 4.37 22.56 0.18 0.045 
3/11/14 4:30 Sp R 5.15 4.78 9.98 0.77 1.076 
3/11/14 7:00 Sp H 9.30 4.82 10.06 1.30 1.740 
3/11/14 9:30 Sp F 8.01 4.60 10.22 1.26 1.899 
3/11/14 12:00 Sp F 2.81 4.43 15.82 0.47 0.342 





Table A-3. Carbon concentrations for this study (Apr-Jun 2014). 
 
Date/Time Season Tide POC DOC DIC PN TDN 
4/8/14 12:45 Sp L 5.31 7.54 19.82 0.66 0.076 
4/8/14 15:15 Sp R 9.07 5.38 7.90 1.15 0.966 
4/8/14 17:45 Sp H 9.52 5.52 6.89 1.19 0.791 
4/8/14 20:15 Sp F 9.10 5.78 8.91 1.11 0.826 
4/8/14 22:45 Sp F 6.79 6.80 15.99 0.93 0.511 
4/9/14 1:15 Sp L 4.98 7.07 22.14 0.68 0.042 
4/9/14 3:45 Sp R 7.24 6.18 9.01 0.96 1.966 
4/9/14 6:15 Sp H 8.64 4.64 9.25 1.05 0.180 
4/9/14 8:45 Sp F 5.41 6.29 10.50 0.76 0.242 
4/9/14 11:15 Sp F 5.09 6.95 15.82 0.67 0.062 
4/9/14 13:45 Sp L 5.61 7.79 23.63 0.71 0.058 
5/7/14 11:45 Sp L 2.78 6.24 24.72 0.36 0.283 
5/7/14 14:15 Sp R 4.22 5.89 9.32 0.51 0.156 
5/7/14 16:45 Sp H 5.08 5.86 8.55 0.61 0.201 
5/7/14 19:15 Sp F 4.05 6.31 9.28 0.53 0.318 
5/7/14 21:45 Sp F 3.24 6.55 13.43 0.40 0.219 
5/8/14 0:15 Sp L 3.36 5.91 23.44 0.41 0.140 
5/8/14 2:45 Sp R 5.25 5.92 10.55 0.57 0.159 
5/8/14 5:15 Sp H 4.56 6.04 9.47 0.59 0.287 
5/8/14 7:45 Sp F 3.68 5.45 9.65 0.47 0.219 
5/8/14 10:15 Sp F 3.40 6.43 21.06 0.42 0.208 
5/8/14 12:45 Sp L 3.60 6.44 26.54 0.47 0.336 
6/5/14 11:00 S L 3.19 5.89 22.64 0.51 0.328 
6/5/14 13:30 S R 4.98 5.43 11.66 0.73 0.297 
6/5/14 16:00 S H 6.41 5.26 11.25 0.87 0.325 
6/5/14 18:30 S F 4.53 5.45 11.42 0.63 0.250 
6/5/14 21:00 S F 3.64 5.61 13.43 0.55 0.297 
6/5/14 23:30 S L 2.10 6.21 19.36 0.33 0.171 
6/6/14 2:00 S R 2.97 5.62 13.62 0.49 0.229 
6/6/14 4:30 S H 2.63 5.65 12.05 0.45 0.185 
6/6/14 7:00 S F 3.32 5.57 12.47 0.44 0.145 
6/6/14 9:30 S F 2.65 5.84 19.18 0.43 0.280 





Table A-4. Carbon and nitrogen concentrations for this study (Jul-Sep 2014). 
 
Date/Time Season Tide POC DOC DIC PN TDN 
7/7/14 12:45 S L 3.80 7.80 23.90 0.53 0.341 
7/7/14 15:15 S R 4.40 5.85 14.31 0.62 0.511 
7/7/14 17:45 S R 4.51 5.79 14.35 0.49 0.554 
7/7/14 20:15 S H 4.05 5.37 13.82 0.55 0.504 
7/7/14 22:45 S F 3.43 7.95 14.51 0.55 0.557 
7/8/14 1:15 S L 2.74 6.93 20.54 0.41 0.231 
7/8/14 3:45 S R 6.16 7.92 17.14 1.10 0.479 
7/8/14 6:15 S R 3.45 5.13 15.45 0.50 0.407 
7/8/14 8:45 S F 3.59 5.22 15.80 NA 0.401 
7/8/14 11:15 S F 2.67 6.39 20.41 0.44 0.395 
7/8/14 13:45 S L NA NA NA NA NA 
8/5/14 12:00 S L 1.86 7.32 21.63 0.26 0.167 
8/5/14 14:30 S R 3.77 8.88 18.48 0.58 NA 
8/5/14 17:00 S R 5.00 6.62 16.94 1.09 NA 
8/5/14 19:30 S H 3.41 5.33 17.33 0.54 0.495 
8/5/14 22:00 S F 5.31 3.95 18.98 0.24 0.408 
8/6/14 0:30 S L 2.14 5.11 22.57 0.33 0.165 
8/6/14 3:00 S R 1.54 3.28 18.43 0.38 0.218 
8/6/14 5:30 S R 2.19 2.75 18.22 0.34 0.249 
8/6/14 8:00 S H 2.59 3.64 17.73 0.44 0.252 
8/6/14 10:30 S F 1.78 4.49 20.31 0.28 0.248 
8/6/14 13:00 S L 2.29 6.35 24.15 0.44 0.207 
9/3/14 11:45 F L 2.40 5.95 29.63 0.35 0.304 
9/3/14 14:15 F R NA NA 21.20 NA NA 
9/3/14 16:45 F R 7.24 5.42 17.66 1.32 1.104 
9/3/14 19:15 F H 6.52 5.43 17.51 0.92 1.339 
9/3/14 21:45 F F 5.77 5.39 21.51 0.81 0.571 
9/4/14 0:15 F L 3.43 6.50 29.09 0.56 0.332 
9/4/14 2:45 F R 4.36 5.34 19.32 0.78 0.454 
9/4/14 5:15 F R 4.11 5.39 20.29 0.65 0.398 
9/4/14 7:45 F F 7.38 5.47 20.52 0.95 0.427 
9/4/14 10:15 F F 4.47 5.51 23.01 0.60 0.401 





Table A-5. Carbon and nitrogen concentrations for this study (Oct-Dec 2014). 
 
Date/Time Season Tide POC DOC DIC PN TDN 
10/2/14 11:30 F L 1.33 5.25 27.95 0.28 0.256 
10/2/14 14:00 F R 2.23 5.51 22.03 0.58 0.412 
10/2/14 16:30 F R 3.83 5.33 19.77 0.67 0.704 
10/2/14 19:00 F H 2.90 5.70 19.84 0.48 0.710 
10/2/14 21:30 F F 2.57 5.20 22.60 0.81 0.419 
10/3/14 0:00 F L 1.54 5.48 26.93 0.26 0.225 
10/3/14 2:30 F R 2.04 5.53 21.22 0.31 0.307 
10/3/14 5:00 F R 2.05 5.61 21.27 0.36 0.371 
10/3/14 7:30 F F 1.66 5.34 21.01 0.29 0.388 
10/3/14 10:00 F F 2.24 5.53 22.43 0.34 0.397 
10/3/14 12:30 F L 1.27 5.46 26.38 0.26 0.320 
11/3/14 13:45 F L 1.44 NA 29.18 0.20 NA 
11/3/14 16:15 F R 1.71 NA 21.74 0.21 NA 
11/3/14 18:45 F H 2.12 NA 21.04 0.30 NA 
11/3/14 21:15 F F 2.36 NA 21.05 0.50 NA 
11/3/14 23:45 F F 1.30 NA 26.44 0.18 NA 
11/4/14 2:15 F L 1.04 NA 30.57 0.17 NA 
11/4/14 4:45 F R 2.22 NA 20.98 0.16 NA 
11/4/14 7:15 F R 1.56 NA 20.92 0.19 NA 
11/4/14 9:45 F F 1.46 NA 21.20 0.27 NA 
11/4/14 12:15 F F 1.36 NA 24.55 0.19 NA 
11/4/14 14:45 F L 0.94 NA NA 0.13 NA 
12/3/14 14:30 W L 1.94 NA 26.97 0.22 0.198 
12/3/14 17:00 W R 4.29 NA 20.21 0.57 0.476 
12/3/14 19:30 W H 3.46 NA 20.40 0.50 0.534 
12/3/14 22:00 W F 3.22 NA 20.51 0.46 0.251 
12/4/14 0:30 W F 2.62 NA 23.75 0.34 0.283 
12/4/14 3:00 W L 1.92 NA 25.06 0.20 0.229 
12/4/14 5:30 W R 4.09 NA 21.30 0.55 0.438 
12/4/14 8:00 W H 3.27 NA 20.33 0.46 0.564 
12/4/14 10:30 W F 3.86 NA 20.68 0.52 0.451 
12/4/14 13:00 W F 3.87 NA 23.94 0.46 0.287 





Table A-6. Carbon and nitrogen concentrations for this study (Jan 2015, Mar 
2015, May 2015). 
 
Date/Time Season Tide POC DOC DIC PN TDN 
1/14/15 11:30 W L 1.37 5.48 – 0.19 0.594 
1/14/15 14:00 W R 4.30 NA – 0.52 0.509 
1/14/15 16:30 W H 3.25 5.34 – 0.41 0.433 
1/14/15 19:00 W F 2.05 8.61 – 0.25 0.431 
1/14/15 21:30 W F 1.55 NA – 0.19 0.441 
1/15/15 0:00 W R 1.44 8.37 – 0.16 0.539 
1/15/15 2:30 W R 4.71 8.26 – 0.58 0.359 
1/15/15 5:00 W H 4.80 8.25 – 0.59 0.440 
1/15/15 7:30 W F 2.61 8.43 – 0.32 0.468 
1/15/15 10:00 W F 1.92 11.14 – 0.23 0.455 
1/15/15 12:30 W F 1.69 NA – 0.21 0.492 
1/15/15 18:00 W L 1.87 7.51 – 0.24 0.344 
3/12/15 10:15 Sp L 1.99 6.48 – 0.22 0.433 
3/12/15 12:45 Sp R NA NA – NA NA 
3/12/15 15:15 Sp H 6.62 7.89 – 0.85 0.352 
3/12/15 17:45 Sp F 4.55 9.52 – 0.58 0.282 
3/12/15 20:15 Sp F 2.30 9.28 – 0.25 0.408 
3/12/15 22:45 Sp L 1.93 NA – 0.23 0.424 
3/13/15 1:15 Sp R 4.17 NA – 0.58 0.359 
3/13/15 3:45 Sp H 3.87 7.05 – 0.53 0.275 
3/13/15 6:15 Sp F 3.60 7.26 – 0.55 0.269 
3/13/15 8:45 Sp F 2.71 NA – 0.32 0.419 
3/13/15 11:15 Sp L 1.93 9.41 – 0.18 0.416 
5/12/15 12:30 Sp L 4.08 6.95 30.56 0.52 0.514 
5/12/15 15:00 Sp R 4.64 7.04 15.96 0.55 0.345 
5/12/15 17:30 Sp R 4.16 4.98 15.86 0.51 0.318 
5/12/15 20:00 Sp F 6.75 4.97 16.20 0.84 0.343 
5/12/15 22:30 Sp F 3.37 9.36 19.57 0.39 0.616 
5/13/15 1:00 Sp L 3.99 9.99 28.74 0.44 0.462 
5/13/15 3:30 Sp R 7.93 NA 14.97 0.91 0.405 
5/13/15 6:00 Sp R 5.32 10.50 14.90 0.64 0.393 
5/13/15 8:30 Sp F 4.42 NA 18.59 0.52 0.405 
5/13/15 11:00 Sp F 5.81 8.40 25.72 0.63 0.434 
5/13/15 13:30 Sp L 4.82 7.76 NA 0.60 0.379 
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Table A-7. Carbon and nitrogen concentrations for this study (Jun-Jul 2015, Early 
Feb 2016). 
 
Date/Time Season Tide POC DOC PN TDN 
6/10/15 12:00 S L 3.39 NA 0.36 0.506 
6/10/15 14:30 S R 3.71 NA 0.47 0.338 
6/10/15 17:00 S H 8.64 NA 1.08 0.232 
6/10/15 19:30 S F 6.79 15.25 0.85 0.262 
6/10/15 22:00 S F 3.96 NA 0.51 0.381 
6/11/15 0:30 S L 2.81 NA 0.36 0.430 
6/11/15 3:00 S R 5.96 NA 0.80 0.427 
6/11/15 5:30 S H 4.78 NA 0.67 0.345 
6/11/15 8:00 S F 5.19 NA 0.84 0.304 
6/11/15 10:30 S F 3.87 NA 0.49 0.422 
6/11/15 13:00 S L 3.36 NA 0.45 0.517 
7/8/15 10:45 S L 1.95 NA 0.29 0.388 
7/8/15 13:15 S R 2.91 NA 0.46 0.343 
7/8/15 15:45 S H 3.22 NA 0.50 0.354 
7/8/15 18:15 S F 3.46 NA 0.53 0.391 
7/8/15 20:45 S F 3.63 NA 0.52 0.364 
7/8/15 23:15 S L 2.79 NA 0.44 0.491 
7/9/15 1:45 S R 2.62 NA 0.41 0.404 
7/9/15 4:15 S H 2.82 NA 0.46 0.424 
7/9/15 6:45 S F 2.73 NA 0.43 0.469 
7/9/15 9:15 S F 2.69 NA 0.41 0.472 
7/9/15 11:45 S L 2.56 NA 0.42 0.516 
2/1/16 10:45 W L 0.81 4.42 0.08 0.657 
2/1/16 13:15 W R 1.05 7.04 0.14 0.441 
2/1/16 15:45 W H 1.04 8.88 0.15 0.408 
2/1/16 18:15 W R 0.85 7.81 0.12 0.451 
2/1/16 20:45 W R 0.69 6.57 0.08 0.469 
2/1/16 23:15 W L 0.64 11.58 0.08 0.471 
2/2/16 1:45 W R 1.27 NA 0.16 0.429 
2/2/16 4:15 W R 1.05 7.34 0.12 0.538 
2/2/16 6:45 W F 1.06 5.53 0.13 0.476 
2/2/16 9:15 W F 0.74 6.95 0.16 0.446 
2/2/16 11:45 W L 0.72 5.42 0.08 0.471 
2/2/16 14:15 W R 1.48 4.23 0.08 0.530 
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Table A-8. Carbon and nitrogen concentrations for this study (Feb-Apr 2016). 
 
Date/Time Season Tide POC DOC PN TDN 
2/17/16 13:00 W L 1.52 6.44 0.19 0.453 
2/17/16 15:30 W R 1.63 4.44 0.24 0.348 
2/17/16 18:00 W H 2.01 4.73 0.31 0.349 
2/17/16 20:30 W F 1.78 4.02 0.27 0.347 
2/17/16 23:00 W F 1.41 5.86 0.18 0.443 
2/18/16 1:30 W R 1.28 4.47 0.15 0.426 
2/18/16 4:00 W R 4.20 3.99 0.53 0.360 
2/18/16 6:30 W R 2.09 2.78 0.32 0.391 
2/18/16 9:00 W F 1.97 4.98 0.30 0.338 
2/18/16 11:30 W F 1.58 4.43 0.22 0.388 
2/18/16 14:00 W L 1.57 4.70 0.19 0.472 
3/7/16 15:45 Sp L 1.05 4.29 0.13 0.388 
3/7/16 18:15 Sp R 2.04 3.88 0.33 0.279 
3/7/16 20:45 Sp H 2.00 3.79 0.33 0.263 
3/7/16 23:15 Sp F 2.38 3.88 0.36 0.279 
3/8/16 1:45 Sp F 1.06 4.38 0.15 0.353 
3/8/16 4:15 Sp L 0.86 3.21 0.10 0.282 
3/8/16 6:45 Sp R 1.58 11.25 0.26 0.188 
3/8/16 9:15 Sp H 2.36 13.30 0.40 0.307 
3/8/16 11:45 Sp F 2.68 13.71 0.40 0.297 
3/8/16 14:15 Sp F 1.16 12.68 0.16 0.352 
3/8/16 16:45 Sp L 0.88 6.70 0.11 0.403 
4/13/16 11:00 Sp L 3.33 10.16 0.42 0.412 
4/13/16 13:30 Sp R 10.28 13.08 1.26 0.337 
4/13/16 16:00 Sp H 7.40 9.99 0.88 0.296 
4/13/16 18:30 Sp F 6.46 10.18 0.78 0.284 
4/13/16 21:00 Sp F 4.14 9.93 0.54 0.325 
4/13/16 23:30 Sp L 3.26 14.71 0.42 0.446 
4/14/16 2:00 Sp R 9.84 11.23 1.13 0.311 
4/14/16 4:30 Sp H 8.10 12.54 0.91 0.224 
4/14/16 7:00 Sp F 6.34 10.54 0.75 0.269 
4/14/16 9:30 Sp F 4.73 11.19 0.60 0.324 





Table A-9. Carbon and nitrogen concentrations for this study (May-Jun 2016, Nov 2016). 
Date/Time Season Tide POC DOC PN TDN 
5/3/16 14:30 Sp L 1.52 9.03 0.19 0.466 
5/3/16 17:00 Sp R 1.63 5.24 0.24 0.254 
5/3/16 19:30 Sp H 2.01 3.80 0.31 0.207 
5/3/16 22:00 Sp F 1.78 8.39 0.27 0.222 
5/4/16 0:30 Sp F 1.41 11.06 0.18 0.266 
5/4/16 3:00 Sp L 1.28 16.59 0.15 0.441 
5/4/16 5:30 Sp R 4.20 6.36 0.53 0.275 
5/4/16 8:00 Sp H 2.09 4.15 0.32 0.223 
5/4/16 10:30 Sp F 1.97 4.07 0.30 0.224 
5/4/16 13:00 Sp F 1.58 7.55 0.22 0.286 
5/4/16 15:30 Sp L 1.57 10.06 0.19 0.418 
6/1/16 14:00 S L 3.51 8.08 0.42 0.546 
6/1/16 16:30 S R 17.21 6.08 2.01 0.278 
6/1/16 19:00 S H 12.19 5.54 1.33 0.272 
6/1/16 21:30 S F 8.13 5.48 1.07 0.257 
6/2/16 0:00 S F 10.99 6.36 1.25 0.284 
6/2/16 2:30 S L 4.34 7.62 0.53 0.474 
6/2/16 5:00 S R 4.74 6.40 0.66 0.352 
6/2/16 7:30 S H 6.83 5.58 1.15 0.261 
6/2/16 10:00 S F 5.85 5.42 0.85 0.261 
6/2/16 12:30 S F 9.74 6.59 1.13 0.312 
6/2/16 15:00 S L 4.17 7.18 0.51 0.433 
11/9/16 11:45 F L 0.78 7.14 0.10 1.440 
11/9/16 14:15 F R 1.01 5.11 0.13 0.440 
11/9/16 16:45 F H 1.18 4.92 0.15 0.490 
11/9/16 19:15 F F 1.12 8.53 0.15 0.660 
11/9/16 21:45 F F 1.95 5.22 0.26 0.490 
11/10/16 0:15 F L 0.88 14.21 0.10 2.660 
11/10/16 2:45 F R 2.70 10.77 0.33 1.150 
11/10/16 5:15 F R 8.07 5.66 0.86 1.350 
11/10/16 7:45 F H 2.58 5.14 0.31 0.810 
11/10/16 10:15 F F 2.46 6.27 0.27 1.120 
11/10/16 12:45 F L 1.16 5.82 0.13 0.630 
11/28/16 8:45 F R 1.72 NA 0.26 NA 
11/28/16 9:30 F H 1.94 NA 0.31 NA 
11/28/16 10:30 F F 1.83 4.66 0.29 0.450 
11/28/16 11:30 F F 1.92 NA 0.28 NA 
11/28/16 12:30 F F 1.98 4.70 0.27 0.430 
11/28/16 13:30 F F 1.80 4.99 0.23 0.440 
11/28/16 14:30 F F 1.33 5.58 0.19 0.470 
11/28/16 15:30 F F 1.21 4.22 0.15 0.420 
11/28/16 16:30 F L 1.34 5.12 0.19 0.500 
11/28/16 17:30 F R 1.31 9.84 0.18 NA 
11/28/16 18:30 F R 3.458 4.51 0.40 0.360 
 235 
Table A-10. TSS, chl-a, and phaeo concentrations for this study (Oct-Dec 2013). 
 
Date/Time Season Tide TSS Chl-a Phaeo 
10/14/13 13:45 F L 44.0 4.79 9.14 
10/14/13 16:15 F R 79.0 6.95 15.46 
10/14/13 18:45 F H 68.7 12.22 16.12 
10/14/13 21:15 F F 46.0 10.72 12.18 
10/14/13 23:45 F F 104.0 7.38 13.33 
10/15/13 2:15 F L 64.0 3.36 10.58 
10/15/13 4:45 F R 52.7 7.38 11.57 
10/15/13 7:15 F R 66.0 10.49 14.77 
10/15/13 9:45 F F 49.3 13.02 10.91 
10/15/13 12:15 F F 72.7 9.55 13.55 
10/15/13 14:45 F L 48.7 5.35 8.62 
11/11/13 11:30 F L 23.0 4.11 5.38 
11/11/13 14:00 F R 41.3 9.13 11.30 
11/11/13 16:30 F H 34.7 9.29 10.74 
11/11/13 19:00 F F 28.7 9.02 9.77 
11/11/13 21:30 F F 18.5 4.79 5.07 
11/12/13 0:00 F L 19.1 3.34 5.30 
11/12/13 2:30 F R 91.1 8.56 16.97 
11/12/13 5:00 F H 26.2 8.87 9.26 
11/12/13 7:30 F F 22.2 7.92 7.43 
11/12/13 10:00 F F 17.5 5.74 6.75 
11/12/13 12:30 F L 23.6 8.26 7.35 
12/11/13 12:15 W L 18.7 2.21 5.20 
12/11/13 14:45 W R 52.4 13.10 12.00 
12/11/13 17:15 W H 24.4 13.30 7.61 
12/11/13 19:45 W F 14.7 8.10 5.35 
12/11/13 22:15 W F 10.7 2.80 4.22 
12/12/13 0:45 W L 24.0 1.60 4.72 
12/12/13 3:15 W R 64.0 12.00 19.60 
12/12/13 5:45 W H 59.6 13.90 13.60 
12/12/13 8:15 W F 38.7 13.20 11.10 
12/12/13 10:45 W F 24.9 7.00 6.97 










Table A-11. TSS, chl-a, and phaeo concentrations for this study (Jan-Mar 2014). 
 
Date/Time Season Tide TSS Chl-a Phaeo 
1/9/14 11:45 W L 20.9 16.31 6.29 
1/9/14 14:15 W R 217.3 52.56 41.20 
1/9/14 16:45 W H 92.0 43.04 23.76 
1/9/14 19:15 W F 55.3 36.71 15.34 
1/9/14 21:45 W F 28.9 11.56 6.17 
1/10/14 0:15 W L 19.1 6.37 4.06 
1/10/14 2:45 W R 100.0 22.18 21.13 
1/10/14 5:15 W H 57.8 51.97 18.58 
1/10/14 7:45 W F 44.0 92.21 10.71 
1/10/14 10:15 W F 32.9 27.18 7.39 
1/10/14 12:45 W L 23.1 5.13 4.03 
2/10/14 14:00 W L 21.3 19.76 7.07 
2/10/14 16:30 W R 48.9 56.82 7.71 
2/10/14 19:00 W H 47.1 109.80 15.13 
2/10/14 21:30 W F 44.4 56.21 14.78 
2/11/14 0:00 W F 20.9 14.01 0.17 
2/11/14 2:30 W L 17.8 6.93 4.09 
2/11/14 5:00 W R 110.0 137.74 34.96 
2/11/14 7:30 W R NA NA NA 
2/11/14 10:00 W F 62.0 167.46 67.93 
2/11/14 12:30 W F 42.0 112.46 6.44 
2/11/14 15:00 W L 21.3 38.53 NA 
3/10/14 13:30 Sp L 17.3 1.71 4.23 
3/10/14 16:00 Sp R 28.6 46.10 12.39 
3/10/14 18:30 Sp H 28.3 53.15 21.34 
3/10/14 21:00 Sp F 25.3 70.32 20.95 
3/10/14 23:30 Sp F 18.0 14.81 7.50 
3/11/14 2:00 Sp L 19.0 3.22 5.39 
3/11/14 4:30 Sp R 28.4 76.82 26.60 
3/11/14 7:00 Sp H 32.9 124.24 38.81 
3/11/14 9:30 Sp F 38.2 135.60 29.45 
3/11/14 12:00 Sp F 18.7 24.39 10.69 










Table A-12. TSS, chl-a, and phaeo concentrations for this study (Apr-Jun 2014). 
 
Date/Time Season Tide TSS Chl-a Phaeo 
4/8/14 12:45 Sp L 48.7 5.40 11.25 
4/8/14 15:15 Sp R 110.0 69.00 29.05 
4/8/14 17:45 Sp H 109.0 56.45 29.72 
4/8/14 20:15 Sp F 64.0 58.97 22.88 
4/8/14 22:45 Sp F 52.0 36.47 17.98 
4/9/14 1:15 Sp L 36.0 3.00 10.10 
4/9/14 3:45 Sp R 61.3 140.39 77.49 
4/9/14 6:15 Sp H 53.3 12.83 9.25 
4/9/14 8:45 Sp F 40.0 17.24 10.95 
4/9/14 11:15 Sp F 34.0 4.39 9.62 
4/9/14 13:45 Sp L 66.0 4.16 13.25 
5/7/14 11:45 Sp L 56.9 20.22 16.02 
5/7/14 14:15 Sp R 87.6 11.16 14.93 
5/7/14 16:45 Sp H 114.7 14.38 20.09 
5/7/14 19:15 Sp F 85.3 22.70 19.52 
5/7/14 21:45 Sp F 58.0 15.64 13.94 
5/8/14 0:15 Sp L 80.0 9.96 14.85 
5/8/14 2:45 Sp R 122.0 11.35 22.69 
5/8/14 5:15 Sp H 90.7 20.50 17.63 
5/8/14 7:45 Sp F 81.3 15.61 16.34 
5/8/14 10:15 Sp F 60.7 14.84 14.58 
5/8/14 12:45 Sp L 72.7 23.99 16.35 
6/5/14 11:00 S L 61.3 23.44 29.31 
6/5/14 13:30 S R 149.0 21.19 36.13 
6/5/14 16:00 S H 160.7 23.19 35.43 
6/5/14 18:30 S F 115.3 17.85 26.68 
6/5/14 21:00 S F 74.0 21.21 23.81 
6/5/14 23:30 S L 40.7 12.17 14.95 
6/6/14 2:00 S R 62.0 16.33 18.03 
6/6/14 4:30 S H 53.3 13.18 17.48 
6/6/14 7:00 S F 62.7 10.36 17.74 
6/6/14 9:30 S F 56.0 19.97 19.91 










Table A-13. TSS, chl-a, and phaeo concentrations for this study (Jul-Sep 2014). 
 
Date/Time Season Tide TSS Chl-a Phaeo 
7/7/14 12:45 S L 61.3 24.40 31.10 
7/7/14 15:15 S R 61.0 36.50 18.20 
7/7/14 17:45 S R 53.0 39.50 27.60 
7/7/14 20:15 S H 52.7 36.00 23.70 
7/7/14 22:45 S F 47.0 39.80 21.90 
7/8/14 1:15 S L 53.0 16.50 19.90 
7/8/14 3:45 S R 76.0 34.20 26.30 
7/8/14 6:15 S R 60.7 29.00 23.80 
7/8/14 8:45 S F 34.7 28.60 20.90 
7/8/14 11:15 S F 42.0 28.20 20.90 
7/8/14 13:45 S L NA NA NA 
8/5/14 12:00 S L 41.0 11.92 12.96 
8/5/14 14:30 S R 76.7 34.20 28.44 
8/5/14 17:00 S R 104.0 38.05 33.19 
8/5/14 19:30 S H 74.7 35.32 28.48 
8/5/14 22:00 S F 94.0 29.12 34.22 
8/6/14 0:30 S L 33.0 11.75 15.23 
8/6/14 3:00 S R 45.0 15.56 16.53 
8/6/14 5:30 S R 42.0 17.76 16.90 
8/6/14 8:00 S H 36.7 18.02 17.50 
8/6/14 10:30 S F 39.3 17.68 16.47 
8/6/14 13:00 S L 40.0 14.80 16.47 
9/3/14 11:45 F L 38.7 21.70 25.68 
9/3/14 14:15 F R NA NA NA 
9/3/14 16:45 F R 130.0 78.83 49.14 
9/3/14 19:15 F H 104.7 95.61 58.08 
9/3/14 21:45 F F 116.7 40.78 62.97 
9/4/14 0:15 F L 63.3 23.70 40.47 
9/4/14 2:45 F R 87.3 32.37 44.93 
9/4/14 5:15 F R 82.7 28.38 55.74 
9/4/14 7:45 F F 81.3 30.48 51.88 
9/4/14 10:15 F F 62.7 28.59 45.70 










Table A-14. TSS, chl-a, and phaeo concentrations for this study (Oct-Dec 2014). 
 
Date/Time Season Tide TSS Chl-a Phaeo 
10/2/14 11:30 F L 19.0 18.26 12.08 
10/2/14 14:00 F R 38.0 29.43 14.95 
10/2/14 16:30 F R 54.0 50.24 22.51 
10/2/14 19:00 F H 46.0 50.71 25.69 
10/2/14 21:30 F F 48.0 29.89 18.65 
10/3/14 0:00 F L 30.0 16.08 12.60 
10/3/14 2:30 F R 39.3 21.95 13.36 
10/3/14 5:00 F R 34.0 26.46 13.53 
10/3/14 7:30 F F 25.0 27.72 12.20 
10/3/14 10:00 F F 42.7 28.34 18.17 
10/3/14 12:30 F L 26.0 22.83 12.73 
11/3/14 13:45 F L 20.0 8.78 8.19 
11/3/14 16:15 F R 36.0 10.34 8.45 
11/3/14 18:45 F H 49.3 10.66 9.25 
11/3/14 21:15 F F 45.0 9.10 8.70 
11/3/14 23:45 F F 27.0 7.08 7.42 
11/4/14 2:15 F L 22.7 4.14 7.12 
11/4/14 4:45 F R 50.7 8.48 9.77 
11/4/14 7:15 F R 37.3 8.01 8.34 
11/4/14 9:45 F F 32.0 9.21 7.60 
11/4/14 12:15 F F 26.0 8.35 6.49 
11/4/14 14:45 F L 14.7 4.67 5.87 
12/3/14 14:30 W L 34.7 14.17 9.24 
12/3/14 17:00 W R 103.3 33.97 18.95 
12/3/14 19:30 W H 59.3 38.16 17.59 
12/3/14 22:00 W F 68.0 17.93 12.03 
12/4/14 0:30 W F 50.7 20.18 10.67 
12/4/14 3:00 W L 38.0 16.33 8.34 
12/4/14 5:30 W R 91.3 31.28 19.34 
12/4/14 8:00 W H 70.0 40.30 18.26 
12/4/14 10:30 W F 88.0 32.23 18.32 
12/4/14 13:00 W F 78.0 20.53 13.63 









Table A-15. TSS, chl-a, and phaeo concentrations for this study (Jan, Mar, May 
2015). 
 
Date/Time Season Tide TSS Chl-a Phaeo 
1/14/15 11:30 W L 4.0 7.61 4.41 
1/14/15 14:00 W R 103.3 14.09 16.13 
1/14/15 16:30 W H 89.0 12.00 11.86 
1/14/15 19:00 W F 14.0 12.58 7.20 
1/14/15 21:30 W F 14.0 6.84 3.68 
1/15/15 0:00 W R 6.0 4.86 2.94 
1/15/15 2:30 W R 101.0 11.58 16.39 
1/15/15 5:00 W H 94.7 50.87 62.37 
1/15/15 7:30 W F 59.3 51.46 37.23 
1/15/15 10:00 W F 19.0 43.64 24.79 
1/15/15 12:30 W F 8.0 10.34 5.54 
1/15/15 18:00 W L 12.7 15.94 7.41 
3/12/15 10:15 Sp L 40.0 7.91 8.85 
3/12/15 12:45 Sp R NA NA NA 
3/12/15 15:15 Sp H 143.0 55.18 38.68 
3/12/15 17:45 Sp F 87.3 51.93 26.20 
3/12/15 20:15 Sp F 41.5 15.46 11.61 
3/12/15 22:45 Sp L 31.0 8.41 8.61 
3/13/15 1:15 Sp R 68.0 59.91 22.92 
3/13/15 3:45 Sp H 66.0 55.08 23.96 
3/13/15 6:15 Sp F 58.7 60.12 26.27 
3/13/15 8:45 Sp F 47.0 27.97 13.38 
3/13/15 11:15 Sp L 29.3 9.59 7.09 
5/12/15 12:30 Sp L 98.0 27.01 27.01 
5/12/15 15:00 Sp R 132.0 16.03 24.25 
5/12/15 17:30 Sp R 112.0 20.44 36.83 
5/12/15 20:00 Sp F 171.0 18.92 41.44 
5/12/15 22:30 Sp F 81.0 12.67 18.68 
5/13/15 1:00 Sp L 95.0 9.99 26.34 
5/13/15 3:30 Sp R 220.0 12.67 41.25 
5/13/15 6:00 Sp R 156.0 12.51 26.79 
5/13/15 8:30 Sp F 140.0 13.03 21.39 
5/13/15 11:00 Sp F 172.0 16.77 36.01 









Table A-16. TSS, chl-a, and phaeo concentrations for this study (Jun-Jul 2015, 
Early Feb 2016). 
 
Date/Time Season Tide TSS Chl-a Phaeo 
6/10/15 12:00 S L 58.2 13.51 15.72 
6/10/15 14:30 S R 120.0 36.26 22.90 
6/10/15 17:00 S H 190.0 49.86 34.11 
6/10/15 19:30 S F 151.0 48.80 29.32 
6/10/15 22:00 S F 74.5 31.90 17.20 
6/11/15 0:30 S L 50.0 9.41 12.73 
6/11/15 3:00 S R 115.0 45.17 23.52 
6/11/15 5:30 S H 97.0 38.87 22.36 
6/11/15 8:00 S F 77.0 35.95 23.57 
6/11/15 10:30 S F 65.0 30.76 18.49 
6/11/15 13:00 S L 57.0 18.76 19.83 
7/8/15 10:45 S L 33.0 22.23 10.90 
7/8/15 13:15 S R 40.0 44.41 17.84 
7/8/15 15:45 S H 40.0 31.09 19.72 
7/8/15 18:15 S F 46.0 33.27 19.62 
7/8/15 20:45 S F 69.0 36.00 21.11 
7/8/15 23:15 S L 29.0 25.75 16.74 
7/9/15 1:45 S R 36.0 27.93 22.87 
7/9/15 4:15 S H 40.0 25.96 19.83 
7/9/15 6:45 S F 34.0 27.58 19.71 
7/9/15 9:15 S F 41.0 35.03 16.59 
7/9/15 11:45 S L 38.0 33.37 19.41 
2/1/16 10:45 W L NA 1.92 2.54 
2/1/16 13:15 W R NA 12.60 4.62 
2/1/16 15:45 W H NA 15.69 5.68 
2/1/16 18:15 W R NA 13.25 4.26 
2/1/16 20:45 W R NA 6.72 3.35 
2/1/16 23:15 W L NA 6.84 3.50 
2/2/16 1:45 W R NA 10.37 6.84 
2/2/16 4:15 W R NA 7.06 4.02 
2/2/16 6:45 W F NA 7.26 4.75 
2/2/16 9:15 W F NA 7.27 3.42 
2/2/16 11:45 W L NA 6.88 3.08 









Table A-17. TSS, chl-a, and phaeo concentrations for this study (Feb-Apr 2016). 
 
Date/Time Season Tide TSS Chl-a Phaeo 
2/17/16 13:00 W L NA 3.84 3.71 
2/17/16 15:30 W R NA 22.32 7.83 
2/17/16 18:00 W H NA 25.98 9.33 
2/17/16 20:30 W F NA 25.26 10.03 
2/17/16 23:00 W F NA 5.71 4.09 
2/18/16 1:30 W R NA 3.26 3.70 
2/18/16 4:00 W R NA 30.03 17.05 
2/18/16 6:30 W R NA 30.55 9.90 
2/18/16 9:00 W F NA 27.42 10.57 
2/18/16 11:30 W F NA 21.39 7.46 
2/18/16 14:00 W L NA 9.07 3.86 
3/7/16 15:45 Sp L NA 4.06 5.35 
3/7/16 18:15 Sp R NA 17.71 11.93 
3/7/16 20:45 Sp H NA 18.51 13.26 
3/7/16 23:15 Sp F NA 18.19 14.64 
3/8/16 1:45 Sp F NA 6.37 5.08 
3/8/16 4:15 Sp L NA 1.97 3.87 
3/8/16 6:45 Sp R NA 16.93 8.76 
3/8/16 9:15 Sp H NA 25.86 16.12 
3/8/16 11:45 Sp F NA 24.52 15.77 
3/8/16 14:15 Sp F NA 7.14 4.54 
3/8/16 16:45 Sp L NA 2.30 3.13 
4/13/16 11:00 Sp L NA 28.60 22.97 
4/13/16 13:30 Sp R NA 122.35 17.43 
4/13/16 16:00 Sp H NA 83.12 7.05 
4/13/16 18:30 Sp F NA 162.02 4.67 
4/13/16 21:00 Sp F NA 61.49 31.08 
4/13/16 23:30 Sp L NA 30.55 20.92 
4/14/16 2:00 Sp R NA 149.60 NA 
4/14/16 4:30 Sp H NA 60.23 41.43 
4/14/16 7:00 Sp F NA 65.59 39.64 
4/14/16 9:30 Sp F NA 42.89 28.89 










Table A-18. TSS, chl-a, and phaeo concentrations for this study (May-Jun, Nov 
2016). 
Date/Time Season Tide TSS Chl-a Phaeo 
5/3/16 14:30 Sp L NA 31.80 29.92 
5/3/16 17:00 Sp R NA 41.26 36.42 
5/3/16 19:30 Sp H NA 23.58 26.66 
5/3/16 22:00 Sp F NA 24.44 26.90 
5/4/16 0:30 Sp F NA 15.80 25.12 
5/4/16 3:00 Sp L NA 15.54 17.05 
5/4/16 5:30 Sp R NA 27.07 39.03 
5/4/16 8:00 Sp H NA 27.28 31.59 
5/4/16 10:30 Sp F NA 26.66 23.13 
5/4/16 13:00 Sp F NA 23.39 49.50 
5/4/16 15:30 Sp L NA 20.23 15.95 
6/1/16 14:00 S L NA 23.58 21.06 
6/1/16 16:30 S R NA 76.21 46.34 
6/1/16 19:00 S H NA 67.62 31.15 
6/1/16 21:30 S F NA 58.51 25.47 
6/2/16 0:00 S F NA 60.44 27.70 
6/2/16 2:30 S L NA 27.40 25.39 
6/2/16 5:00 S R NA 44.50 34.36 
6/2/16 7:30 S H NA 63.59 23.15 
6/2/16 10:00 S F NA 75.40 20.65 
6/2/16 12:30 S F NA 65.70 22.76 
6/2/16 15:00 S L NA 34.28 14.55 
11/9/16 11:45 F L NA 5.05 5.35 
11/9/16 14:15 F R NA 13.41 6.28 
11/9/16 16:45 F H NA 13.56 7.88 
11/9/16 19:15 F F NA 14.66 7.80 
11/9/16 21:45 F F NA 7.13 6.64 
11/10/16 0:15 F L NA 3.10 5.18 
11/10/16 2:45 F R NA 14.66 19.55 
11/10/16 5:15 F R NA 19.60 60.46 
11/10/16 7:45 F H NA 14.19 14.88 
11/10/16 10:15 F F NA 12.19 11.30 
11/10/16 12:45 F L NA NA NA 
11/28/16 8:45 F R 18.0 NA NA 
11/28/16 9:30 F H 14.0 NA NA 
11/28/16 10:30 F F 15.0 NA NA 
11/28/16 11:30 F F 11.5 NA NA 
11/28/16 12:30 F F 22.5 NA NA 
11/28/16 13:30 F F 19.5 NA NA 
11/28/16 14:30 F F 12.0 NA NA 
11/28/16 15:30 F F 11.0 NA NA 
11/28/16 16:30 F L 11.5 NA NA 
11/28/16 17:30 F R 11.5 NA NA 
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11/28/16 18:30 F R 54.5 NA NA 







APPENDIX B:  
Lipid biomarkers (fatty acid methyl esters (FAMEs) and n-alkanes) are presented 
for all samples taken at Taskinas Creek and Muddy Creek. For both FAMEs and 
n-alkanes, the total concentration is given, followed by the percent total of each 
of the lipid classes (see Tables 4-1 and 4-2 for explanations). Samples are 
separated by site, month, year, season, and tide. Following these are the p-
values of the ANOVAs performed to determine variability by site, season, and 




Table B-1a. Values of fatty acid methyl esters (FAMEs) are presented as a percent of the total FAME content for each sample analyzed from 





Sample Month Year Season Tide Total (µg/L) SCFA BrFA C18:2+18:3 C16PUFA C20PUFA C22PUFA 
TC0614L June 2014 S L 42.46 16.37 2.71 8.40 6.12 3.31 4.65 
TC0614H June 2014 S H 82.55 29.11 1.73 6.18 3.72 2.19 5.78 
TC0714L July 2014 S L 42.46 16.37 2.71 8.40 6.12 3.31 4.65 
TC0714H July 2014 S H 167.69 40.48 1.46 3.83 4.12 2.91 3.20 
TC0814L August 2014 S L 37.62 20.30 10.07 3.93 3.76 3.13 3.32 
TC0814H August 2014 S H 74.40 28.10 3.11 4.22 6.56 2.99 2.20 
TC0814L2 August 2014 S L 38.55 22.47 6.47 3.68 3.86 6.36 3.22 
TC0814H2 August 2014 S H 51.14 24.06 3.71 7.42 5.73 4.91 2.58 
TC0914L September 2014 F L 37.03 19.91 8.33 3.84 5.65 4.58 3.68 
TC0914H September 2014 F H 220.38 36.49 1.04 1.52 6.13 3.10 1.44 
TC1014L October 2014 F L 48.33 16.94 5.05 3.42 7.64 14.55 5.29 
TC1014H October 2014 F H 31.21 21.29 3.18 3.19 5.00 2.30 3.04 
TC1114L November 2014 F L 23.48 15.97 6.38 4.78 0.14 1.30 3.17 
TC1114H November 2014 F H 26.05 5.46 17.83 2.79 3.98 2.44 3.60 
TC1114L1 November 2014 F L 20.94 14.05 5.14 3.10 2.01 5.15 3.08 
TC1114H1 November 2014 F H 69.43 6.58 10.30 7.74 1.18 12.88 9.69 
TC1214L December 2014 W L 36.32 20.01 1.15 2.25 6.88 2.50 2.60 
TC1214H December 2014 W H 69.32 28.23 1.94 2.73 7.63 3.30 2.52 
TC0115L January 2015 W L 26.77 21.80 4.53 1.57 1.54 3.05 2.68 
TC0115H January 2015 W H 30.36 19.75 3.93 1.45 4.56 5.49 3.25 
TC0315L March 2015 Sp L 20.99 12.97 4.59 1.56 4.30 4.14 3.68 
TC0315H March 2015 Sp H 92.44 25.75 2.39 3.10 6.71 6.97 3.19 
TC0315L3 March 2015 Sp L 25.01 10.85 5.05 1.23 3.20 8.75 4.04 
TC0315H2 March 2015 Sp H 62.31 32.38 1.97 2.51 3.12 1.49 1.72 
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Supplementary Table B-1b. Values of FAMEs are presented as a percent of the total FAME content for each sample analyzed from Taskinas 
Creek separated month, year, season, and tide. 
 
Sample Month Year Season Tide Total (µg/L) SCFA BrFA C18:2+18:3 C16PUFA C20PUFA C22PUFA LCFA 
TC0515L May 2015 Sp L 46.24 17.23 5.68 2.96 12.07 5.05 4.88 1.84 
TC0515H May 2015 Sp H 212.90 0.10 26.89 4.71 0.56 3.83 1.53 2.26 
TC0615L June 2015 S L 34.23 12.91 5.05 1.66 8.76 12.27 3.83 4.53 
TC0615H June 2015 S H 186.75 33.32 2.35 1.77 6.48 7.94 2.54 1.20 
TC0715L July 2015 S L 40.43 16.77 5.62 4.85 0.55 12.63 5.18 3.21 
TC0715H July 2015 S H 95.24 26.97 6.71 3.53 1.18 10.53 4.59 1.55 
TCE216L1 February 2016 W L 15.89 10.57 3.59 1.77 0.94 1.66 3.08 0.77 
TCE216H1 February 2016 W H 65.43 28.87 1.88 3.23 3.60 1.30 3.06 0.19 
TC0216L2 February 2016 W L 31.44 19.52 4.13 2.67 5.08 2.60 4.77 0.93 
TC0216H2 February 2016 W H 73.74 10.55 1.63 3.59 8.60 3.01 3.49 0.33 
TC0216L February 2016 W L 21.87 12.09 3.56 2.23 3.09 3.53 2.98 5.57 
TC0216H February 2016 W H 106.12 26.42 1.32 2.76 8.96 8.66 3.72 0.89 
TC0316L March 2016 Sp L 22.83 14.31 5.13 2.93 1.33 5.07 3.97 2.29 
TC0316H March 2016 Sp H 92.23 27.01 2.49 4.20 4.12 7.63 6.69 1.08 
TC0416L April 2016 Sp L 43.39 11.74 3.85 1.95 23.25 6.57 4.13 1.56 
TC0416H April 2016 Sp H 168.53 23.53 1.13 2.08 16.85 5.40 3.65 0.60 
TC0516L May 2016 Sp L 33.76 15.57 7.52 4.55 0.52 5.67 3.52 3.51 
TC0516H May 2016 Sp H 102.05 37.37 2.24 2.62 1.23 1.03 1.41 1.61 
TC0616L June 2016 S L 62.60 22.14 3.35 1.73 0.42 1.58 1.75 1.06 
TC0616H June 2016 S H 219.37 36.16 2.32 3.95 0.51 1.53 1.69 1.07 
TC0916L September 2016 F L 141.11 24.73 2.69 9.91 5.11 2.81 5.69 0.53 
TC0916H September 2016 F H 257.58 38.20 1.65 4.59 0.16 1.47 4.02 0.40 
TC1116L1 November 2016 F L 24.39 15.13 5.94 3.03 5.38 1.05 2.01 0.50 








Supplementary Table B-2. Values of FAMEs are presented as a percent of the total FAME content for each sample analyzed from Muddy Creek 
separated month, year, season, and tide. 
 Month Year Season Tide Total (µg/L) SCFA BrFA C18:2+18:3 C16PUFA C20PUFA C22PUFA LCFA 
SG0614L June 2014 S L 457.84 44.19 1.27 12.40 0.22 1.89 8.96 0.48 
SG0614H June 2014 S H 884.91 20.68 0.20 26.13 0.15 3.61 0.40 15.94 
SG0714L July 2014 S L 121.93 40.23 3.26 7.38 0.20 1.19 3.95 1.21 
SG0714H July 2014 S H 172.42 34.08 4.31 9.61 1.10 1.98 5.32 1.27 
SG1214L December 2014 W L 42.46 16.37 2.71 8.40 6.12 3.31 4.65 0.57 
SG1214H December 2014 W H 21.72 11.71 5.30 5.23 0.94 1.84 4.55 0.98 
SG0415L April 2015 Sp L 32.86 27.12 3.01 11.38 0.41 3.08 1.60 1.19 
SG0415H April 2015 Sp H 69.36 27.74 3.06 13.69 0.32 6.17 4.92 1.11 
SG0515L May 2015 Sp L 670.99 68.12 0.77 1.52 1.29 3.04 5.23 0.20 
SG0515H May 2015 Sp H 960.94 49.09 0.89 12.83 0.00 6.29 0.05 1.56 
SG0615L June 2015 S L 54.34 22.58 4.67 2.96 0.41 2.37 1.90 0.89 
SG0615H June 2015 S H 90.71 29.88 4.49 11.74 1.56 5.71 5.80 1.48 
SG0915L September 2015 F L 78.86 24.89 3.99 7.55 3.92 8.17 0.73 1.28 
SG0915HP September 2015 F H 105.49 27.84 3.96 5.42 2.79 10.10 10.47 1.44 
SG1215L December 2015 W L 58.99 18.22 2.68 12.68 0.63 8.99 8.40 1.09 
SG1215H December 2015 W H 61.63 18.62 2.89 10.59 0.75 9.19 7.92 1.53 
SG0416L April 2016 Sp L 94.07 21.79 3.52 7.55 1.15 7.70 10.33 2.75 
SG0416H April 2016 Sp H 144.11 24.28 1.89 11.64 0.58 3.63 16.37 0.52 
SG0616L June 2016 S L 44.92 21.67 4.44 6.14 0.08 6.43 1.09 1.66 
SG0616H June 2016 S H 81.69 28.99 3.48 9.47 0.04 7.92 0.60 2.48 
SG0816L August 2016 S L 30.62 21.57 5.87 6.60 0.11 6.63 1.60 2.35 
SG0816H August 2016 S H 57.80 22.05 7.76 7.41 0.06 9.71 0.85 1.20 
SG1016L October 2016 F L 29.05 16.71 3.24 3.80 3.50 7.34 2.74 1.45 
SG1016H October 2016 F H 167.28 39.37 3.06 15.45 1.27 0.44 2.92 0.07 
SG1116L November 2016 F L 39.62 22.40 4.74 2.66 2.00 2.71 2.16 1.92 





Supplementary Table B-3a. Values of n-alkanes are presented as a percent of the total n-alkanes 






Sample Month Year Season Tide Total (ng/L) SCHC MCHC LCHC 
TC0614L June 2014 S L 7.20 15.95 29.49 11.26 
TC0614H June 2014 S H 12.28 10.97 29.85 15.65 
TC0714L July 2014 S L 11.25 4.56 26.61 26.89 
TC0714H July 2014 S H 11.91 11.09 26.94 19.29 
TC0814L August 2014 S L 1.85 4.99 20.42 13.97 
TC0814H August 2014 S H 5.70 12.10 24.02 18.38 
TC0814L2 August 2014 S L 8.06 14.35 25.22 18.72 
TC0814H2 August 2014 S H 25.13 15.55 32.38 7.68 
TC0914L September 2014 F L 10.59 9.43 27.98 19.86 
TC0914H September 2014 F H 11.09 13.75 37.67 11.55 
TC1014L October 2014 F L 5.18 9.51 34.28 3.56 
TC1014H October 2014 F H 4.55 13.06 26.80 12.05 
TC1114L November 2014 F L 5.24 9.40 30.56 7.75 
TC1114H November 2014 F H 5.02 6.64 33.15 13.95 
TC1114L1 November 2014 F L 6.10 9.25 27.52 19.52 
TC1114H1 November 2014 F H 26.72 6.55 34.37 10.81 
TC1214L December 2014 W L 5.77 7.45 30.97 15.28 
TC1214H December 2014 W H 4.92 5.41 27.84 24.42 
TC0115L January 2015 W L 6.53 33.31 14.98 4.10 
TC0115H January 2015 W H 9.18 29.31 14.95 8.89 
TC0315L March 2015 Sp L 8.79 25.67 16.79 11.96 
TC0315H March 2015 Sp H 5.29 20.99 18.77 23.92 
TC0315L3 March 2015 Sp L 38.77 8.48 31.58 7.25 
TC0315H2 March 2015 Sp H 14.21 6.00 27.73 15.92 
TC0515L May 2015 Sp L 5.68 1.99 18.70 46.27 
TC0515H May 2015 Sp H 2.61 4.67 33.64 30.30 
TC0615L June 2015 S L 13.04 20.80 14.24 27.44 
TC0615H June 2015 S H 13.14 21.71 18.31 23.43 
TC0715L July 2015 S L 20.02 28.28 16.01 13.50 
TC0715H July 2015 S H 7.96 31.41 19.63 7.69 
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Supplementary Table B-3b. Values of n-alkane groups are presented as a percent of the 
total n-alkane content for each sample analyzed from Taskinas Creek separated month, 





















Sample Month Year Season Tide Total (ng/L) SCHC MCHC LCHC 
TCE216L1 February 2016 W L 5.60 8.23 22.65 8.33 
TCE216H1 February 2016 W H 1.97 9.08 29.04 17.62 
TC0216L2 February 2016 W L 23.50 11.23 33.07 7.66 
TC0216H2 February 2016 W H 3.73 5.73 38.17 15.10 
TC0216L February 2016 W L 7.34 27.70 13.15 15.58 
TC0216H February 2016 W H 4.17 18.67 25.31 17.44 
TC0316L March 2016 Sp L 2.10 35.58 14.88 6.13 
TC0316H March 2016 Sp H 5.85 17.17 24.98 19.06 
TC0416L April 2016 Sp L 10.52 15.82 21.47 26.37 
TC0416H April 2016 Sp H 17.31 13.62 27.31 23.74 
TC0516L May 2016 Sp L 3.81 6.05 29.14 15.80 
TC0516H May 2016 Sp H 2.97 1.52 35.03 23.97 
TC0616L June 2016 S L 3.36 9.96 30.10 9.50 
TC0616H June 2016 S H 6.56 12.49 31.65 8.95 
TC0916L September 2016 F L 3.67 20.07 30.09 7.16 
TC0916H September 2016 F H 6.38 28.02 31.76 4.66 
TC1116L1 November 2016 F L 3.98 8.00 33.15 10.69 
TC1116H1 November 2016 F H 3.15 12.13 27.87 11.41 
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Supplementary Table B-4. Values of n-alkane groups are presented as a percent 
of the total n-alkane content for each sample analyzed from Muddy Creek 











Sample Month Year Season Tide Total (ng/L) SCHC MCHC LCHC 
SG0614L June 2014 S L 15.24 3.00 10.04 44.19 
SG0614H June 2014 S H 4.28 15.94 14.41 35.38 
SG0714L July 2014 S L 1.43 12.80 14.55 33.95 
SG0714H July 2014 S H 1.61 18.30 17.53 31.62 
SG1214L December 2014 W L 7.00 4.53 36.79 13.44 
SG1214H December 2014 W H 1.25 10.39 25.52 14.88 
SG0415L April 2015 Sp L 2.36 2.88 30.96 27.34 
SG0415H April 2015 Sp H 3.07 4.17 33.78 23.60 
SG0515L May 2015 Sp L 2.59 1.75 47.45 20.52 
SG0515H May 2015 Sp H 3.59 1.26 41.53 14.56 
SG0615L June 2015 S L 3.90 14.16 31.25 10.27 
SG0615H June 2015 S H 5.87 25.63 37.09 10.60 
SG0915L September 2015 F L 5.42 5.84 35.80 16.94 
SG0915HP September 2015 F H 6.34 32.99 20.48 9.77 
SG1215L December 2015 W L 3.81 12.22 27.39 10.90 
SG1215H December 2015 W H 4.14 11.10 25.95 15.71 
SG0416L April 2016 Sp L 7.22 6.79 25.20 32.93 
SG0416H April 2016 Sp H 5.04 0.90 44.15 12.55 
SG0616L June 2016 S L 30.04 13.64 26.98 16.44 
SG0616H June 2016 S H 86.42 11.53 32.06 17.72 
SG0816L August 2016 S L 0.63 7.21 27.33 24.36 
SG0816H August 2016 S H 33.69 25.88 14.14 19.22 
SG1016L October 2016 F L 2.94 13.69 25.40 12.30 
SG1016H October 2016 F H 4.11 15.11 25.95 18.52 
SG1116L November 2016 F L 4.07 9.02 34.53 7.78 
SG1116H November 2016 F H 4.01 7.94 31.34 11.40 
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Table B-5. P-values for ANOVAs that were performed to determine differences in lipid biomarker groups by site, tide, 
season, and interactions between sites x tides (Site x T) and sites x seasons (Site x S). For each biomarker group, 
ANOVAs were performed using volume-normalized concentrations (µg/L) and carbon-normalized concentrations (µg/mg 




 Concentration (µg/L)  Carbon-Normalized Concentration (µg/mg POC) 
 Site Season Tide S x Site T x Site  Site Season Tide S x Site T x Site 
S (FAMEs) 0.01 0.01 < 0.001 0.36 0.09  < 0.001 0.54 < 0.001 0.48 0.26 
SCFA 0.02 0.22 0.05 0.16 0.53  < 0.001 0.77 0.30 0.30 1.00 
LCFA 0.07 0.06 0.003 0.23 1.00  0.001 0.35 0.49 0.08 0.12 
BrFA 0.15 0.002 0.01 0.95 0.66  0.01 0.11 0.90 0.54 0.53 
C18:2+18:3 < 0.001 0.004 < 0.001 0.15 0.78  < 0.001 0.33 0.003 0.05 0.44 
C16PUFA 0.01 0.91 0.03 0.80 0.72  0.12 0.34 0.37 0.60 0.96 
C20PUFA 0.02 0.02 0.01 0.68 0.58  < 0.001 0.64 0.24 0.64 0.91 
C22PUFA 0.07 0.39 0.001 0.23 0.90  0.03 0.83 0.01 0.18 0.12 
PUFA 0.03 0.08 < 0.001 0.35 0.46  < 0.001 0.45 0.004 0.07 0.65 
            
S (n-alkanes) 0.88 0.10 0.59 0.28 0.35  1.00 0.21 0.08 0.09 0.05 
SCHC 0.08 0.09 0.36 0.23 0.68  0.39 0.12 0.37 0.02 0.32 
MCHC 0.11 0.73 0.40 0.98 0.99  0.38 0.24 0.23 0.15 0.21 










APPENDIX C:  
Stable isotopes of DOC and DIC, colored dissolved organic matter (CDOM) 
absorbance and fluorescence data are presented for all samples taken at 


























Supplementary Table C-1a. Values of CDOM absorbance at 300 nm (a300, m-1) 
and 440 nm (a440, m-1), spectral slope (SCDOM), and slope ratio (SR) are presented 
for each sample analyzed from Taskinas Creek separated month, year, season, 
and tide. 
Date/Time Season Tide a300 a440 SCDOM SR 
3/10/14 16:00 Sp R 15.02 1.56 0.0162 1.05 
3/10/14 21:00 Sp F 16.10 1.69 0.0161 0.95 
3/11/14 2:00 Sp L 18.33 2.23 0.0151 1.02 
3/11/14 4:30 Sp R 13.45 1.24 0.0171 1.00 
3/11/14 9:30 Sp F 14.85 1.48 0.0165 1.00 
4/8/14 15:15 Sp R 15.29 1.63 0.0160 1.04 
4/8/14 20:15 Sp F 28.41 3.68 0.0146 0.92 
4/9/14 3:45 Sp R 15.29 1.49 0.0166 1.01 
4/9/14 6:15 Sp H 33.53 4.26 0.0147 0.86 
4/9/14 8:45 Sp F 27.35 3.41 0.0149 0.93 
5/7/14 14:15 Sp R 20.85 2.06 0.0166 0.97 
5/7/14 19:15 Sp F 20.46 2.02 0.0165 0.97 
5/8/14 0:15 Sp L 21.98 2.22 0.0164 0.97 
5/8/14 2:45 Sp R 21.53 2.19 0.0163 0.99 
5/8/14 7:45 Sp F 20.57 2.02 0.0166 0.97 
6/5/14 11:00 S L 22.05 2.18 0.0165 0.95 
6/5/14 13:30 S R 18.14 1.61 0.0173 0.99 
6/5/14 16:00 S H 17.57 1.50 0.0176 0.98 
6/5/14 18:30 S F 17.84 1.50 0.0177 1.04 
6/5/14 23:30 S L 23.23 2.31 0.0165 0.92 
6/6/14 2:00 S R 19.08 1.71 0.0172 1.00 
6/6/14 4:30 S H 18.40 1.58 0.0176 0.97 
6/6/14 9:30 S F 22.98 2.33 0.0164 0.99 
7/7/14 12:45 S L 33.51 3.68 0.0158 0.89 
7/7/14 15:15 S R 18.84 1.65 0.0174 1.02 
7/7/14 20:15 S H 16.29 1.38 0.0177 1.05 
7/7/14 22:45 S F 19.12 1.73 0.0172 1.02 
7/8/14 1:15 S L 28.36 2.98 0.0161 0.92 
7/8/14 6:15 S R 16.23 1.37 0.0177 1.03 
7/8/14 8:45 S F 18.51 1.41 0.0184 1.18 
7/8/14 11:15 S F 23.15 2.27 0.0166 0.96 
8/5/14 12:00 S L 28.85 3.13 0.0159 0.88 
8/5/14 14:30 S R 17.17 1.53 0.0173 1.01 
8/5/14 19:30 S H 14.19 1.22 0.0175 1.06 
8/5/14 22:00 S F 18.76 1.76 0.0169 0.98 
8/6/14 0:30 S L 27.85 2.96 0.0160 0.89 
8/6/14 5:30 S R 14.99 1.29 0.0175 1.03 
8/6/14 8:00 S H 14.60 1.24 0.0176 1.04 
8/6/14 10:30 S F 19.29 1.82 0.0169 0.97 
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Supplementary Table C-1b. Values of CDOM absorbance at 300 nm (a300, m-1) 
and 440 nm (a440, m-1), spectral slope (SCDOM), and slope ratio (SR) are presented 
for each sample analyzed from Taskinas Creek separated month, year, season, 
and tide. 
Date/Time Season Tide a300 a440 SCDOM SR 
9/3/14 19:15 F H 16.74 1.38 0.0178 1.05 
9/3/14 21:45 F F 18.63 1.64 0.0174 1.01 
9/4/14 0:15 F L 21.35 2.00 0.0169 0.97 
9/4/14 2:45 F R 17.28 1.50 0.0175 1.04 
9/4/14 5:15 F R 17.22 1.44 0.0177 1.04 
9/4/14 10:15 F F 19.37 1.68 0.0175 0.99 
9/4/14 12:45 F L 22.54 2.15 0.0168 0.97 
10/2/14 11:30 F L 19.95 1.84 0.0170 0.96 
10/2/14 16:30 F R 15.14 1.19 0.0182 1.06 
10/2/14 19:00 F H 14.49 1.13 0.0183 1.05 
10/2/14 21:30 F F 17.31 1.43 0.0178 1.01 
10/3/14 0:00 F L 20.06 1.84 0.0171 0.97 
10/3/14 2:30 F R 14.92 1.18 0.0181 1.05 
10/3/14 5:00 F R 15.52 1.26 0.0179 1.05 
10/3/14 10:00 F F 16.87 1.41 0.0177 1.02 
11/3/14 13:45 F L 17.47 1.60 0.0171 0.98 
11/3/14 16:15 F R 13.60 1.05 0.0183 1.07 
11/3/14 18:45 F H 12.63 0.94 0.0185 1.08 
11/3/14 21:15 F F 12.86 0.97 0.0184 1.09 
11/4/14 2:15 F L 17.56 1.66 0.0168 0.95 
11/4/14 4:45 F R 13.11 1.01 0.0183 1.08 
11/4/14 7:15 F R 12.88 0.96 0.0185 1.08 
11/4/14 12:15 F F 14.43 1.21 0.0177 1.04 
11/26/14 0:00 F H 11.09 0.81 0.0187 1.10 
11/26/14 3:00 F F 11.30 0.84 0.0186 1.09 
11/26/14 6:00 F L 13.42 1.16 0.0175 1.04 
11/26/14 12:00 F R 11.02 0.79 0.0188 1.10 
11/26/14 18:00 F F 15.67 1.47 0.0169 0.97 
11/26/14 21:00 F R 25.14 3.11 0.0149 0.88 
11/27/14 6:00 F F 23.74 2.76 0.0154 0.90 
11/27/14 12:00 F R 12.33 0.92 0.0185 1.09 
11/27/14 18:00 F F 16.26 1.50 0.0170 1.00 
11/28/14 0:00 F F 13.56 1.13 0.0178 1.07 
12/3/14 14:30 W L 14.98 1.37 0.0171 0.98 
12/3/14 17:00 W R 12.46 0.92 0.0186 1.08 
12/3/14 19:30 W H 11.92 0.84 0.0189 1.10 
12/3/14 22:00 W F 13.59 1.13 0.0177 1.03 
12/4/14 3:00 W L 14.31 1.24 0.0175 1.00 
12/4/14 5:30 W R 12.21 0.90 0.0186 1.08 
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Supplementary Table C-1c. Values of CDOM absorbance at 300 nm (a300, m-1) 
and 440 nm (a440, m-1), spectral slope (SCDOM), and slope ratio (SR) are presented 
for each sample analyzed from Taskinas Creek separated month, year, season, 
and tide. 
Date/Time Season Tide a300 a440 SCDOM SR 
12/4/14 13:00 W F 12.39 0.89 0.0188 1.11 
1/14/15 11:30 W L 13.54 1.13 0.0177 0.99 
1/14/15 14:00 W R 12.57 0.92 0.0187 1.07 
1/14/15 16:30 W H 12.72 0.90 0.0189 1.07 
1/14/15 21:30 W F 12.76 0.94 0.0186 1.07 
1/15/15 2:30 W R 12.76 0.96 0.0185 1.06 
1/15/15 5:00 W H 12.24 0.87 0.0193 1.05 
1/15/15 10:00 W F 14.55 1.40 0.0168 1.13 
3/12/15 15:15 Sp H 12.24 1.05 0.0175 1.01 
3/12/15 17:45 Sp F 12.76 1.11 0.0174 0.99 
3/12/15 20:15 Sp F 17.19 1.92 0.0157 0.91 
3/12/15 22:45 Sp L 19.31 2.27 0.0153 0.88 
3/13/15 1:15 Sp R 12.81 1.13 0.0174 0.99 
3/13/15 3:45 Sp H 12.61 1.10 0.0175 1.03 
3/13/15 6:15 Sp F 12.76 1.11 0.0174 0.99 
3/13/15 11:15 Sp L 19.93 2.29 0.0155 0.88 
5/12/15 12:30 Sp L 36.48 4.74 0.0146 0.70 
5/12/15 15:00 Sp R 18.61 1.79 0.0167 0.76 
5/12/15 17:30 Sp R 16.77 1.63 0.0167 0.77 
5/12/15 22:30 Sp F 22.58 2.41 0.0160 0.76 
5/13/15 1:00 Sp L 33.67 4.21 0.0149 0.66 
5/13/15 3:30 Sp R 17.20 1.70 0.0165 0.72 
5/13/15 6:00 Sp R 16.15 1.49 0.0170 0.77 
5/13/15 11:00 Sp F 20.06 2.11 0.0161 0.69 
6/10/15 12:00 S L 48.61 6.75 0.0141 0.59 
6/10/15 14:30 S R 23.89 2.61 0.0158 0.64 
6/10/15 17:00 S H 19.10 1.92 0.0164 0.68 
6/10/15 22:00 S F 28.39 3.32 0.0153 0.63 
6/11/15 0:30 S L 45.57 6.17 0.0143 0.60 
6/11/15 3:00 S R 21.95 2.32 0.0161 0.66 
6/11/15 5:30 S H 20.24 2.11 0.0162 0.67 
6/11/15 10:30 S F 30.14 3.59 0.0152 0.62 
7/8/15 10:45 S L 31.62 3.37 0.0160 0.89 
7/8/15 13:15 S R 18.33 1.64 0.0172 1.01 
7/8/15 15:45 S H 15.52 1.36 0.0174 1.07 
7/8/15 18:15 S F 15.90 1.34 0.0177 1.09 
7/8/15 23:15 S L 30.01 3.25 0.0159 0.92 
7/9/15 1:45 S R 17.47 1.56 0.0173 1.01 
7/9/15 4:15 S H 15.95 1.35 0.0176 1.06 
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Supplementary Table C-1d. Values of CDOM absorbance at 300 nm (a300, m-1) 
and 440 nm (a440, m-1), spectral slope (SCDOM), and slope ratio (SR) are presented 
for each sample analyzed from Taskinas Creek separated month, year, season, 
and tide. 
Date/Time Season Tide a300 a440 SCDOM SR 
2/1/16 10:45 W L 15.44 1.64 0.0160 0.88 
2/1/16 13:15 W R 15.58 1.43 0.0171 0.92 
2/1/16 15:45 W H 15.43 1.39 0.0172 0.93 
2/1/16 18:15 W R 15.64 1.47 0.0169 0.93 
2/1/16 20:45 W R 15.44 1.47 0.0168 0.92 
2/1/16 23:15 W L 15.56 1.49 0.0168 0.91 
2/2/16 1:45 W R 15.83 1.50 0.0168 0.92 
2/2/16 4:15 W R 16.77 1.57 0.0169 0.90 
2/2/16 6:45 W F 16.54 1.58 0.0168 0.91 
2/2/16 9:15 W F 16.88 1.64 0.0167 0.94 
2/2/16 11:45 W L 15.77 1.52 0.0167 0.90 
2/2/16 14:15 W R 15.81 1.54 0.0166 0.92 
2/17/16 13:00 W L 24.43 3.00 0.0150 0.80 
2/17/16 15:30 W R 14.70 1.44 0.0166 0.93 
2/17/16 18:00 W H 13.24 1.22 0.0170 0.96 
2/17/16 20:30 W F 14.00 1.34 0.0168 0.94 
2/17/16 23:00 W F 22.51 2.67 0.0152 0.82 
2/18/16 1:30 W R 23.85 2.96 0.0149 0.82 
2/18/16 4:00 W R 13.70 1.28 0.0169 0.91 
2/18/16 6:30 W R 12.95 1.19 0.0171 0.93 
2/18/16 9:00 W F 13.87 1.31 0.0168 0.91 
2/18/16 11:30 W F 16.27 1.66 0.0163 0.88 
2/18/16 14:00 W L 19.49 2.19 0.0156 0.83 
3/7/16 15:45 Sp L 16.49 1.76 0.0160 0.86 
3/7/16 18:15 Sp R 12.37 1.12 0.0172 0.94 
3/7/16 20:45 Sp H 11.83 1.06 0.0172 0.95 
3/7/16 23:15 Sp F 12.18 1.11 0.0171 0.95 
3/8/16 1:45 Sp F 15.20 1.57 0.0162 0.88 
3/8/16 4:15 Sp L 16.60 1.84 0.0157 0.85 
3/8/16 6:45 Sp R 12.05 1.10 0.0171 0.94 
3/8/16 9:15 Sp H 11.76 1.06 0.0172 0.95 
3/8/16 11:45 Sp F 11.60 1.02 0.0173 0.94 
3/8/16 14:15 Sp F 14.85 1.50 0.0164 0.89 
3/8/16 16:45 Sp L 16.30 1.73 0.0160 0.87 
4/13/16 11:00 Sp L 20.58 2.24 0.0159 0.86 
4/13/16 13:30 Sp R 14.42 1.36 0.0169 0.95 
4/13/16 16:00 Sp H 12.84 1.17 0.0171 0.98 
4/13/16 18:30 Sp F 13.08 1.19 0.0171 0.98 
4/13/16 21:00 Sp F 18.84 1.94 0.0163 0.89 
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Supplementary Table C-1e. Values of CDOM absorbance at 300 nm (a300, m-1) 
and 440 nm (a440, m-1), spectral slope (SCDOM), and slope ratio (SR) are presented 
for each sample analyzed from Taskinas Creek separated month, year, season, 
and tide. 
Date/Time Season Tide a300 a440 SCDOM SR 
4/14/16 2:00 Sp R 12.86 1.17 0.0171 0.98 
4/14/16 4:30 Sp H 11.86 1.04 0.0174 1.02 
4/14/16 7:00 Sp F 12.05 1.10 0.0171 1.04 
4/14/16 9:30 Sp F 18.02 1.84 0.0163 0.91 
4/14/16 12:00 Sp L 21.06 2.24 0.0160 0.88 
5/3/16 14:30 Sp L 52.62 6.60 0.0148 0.81 
5/3/16 17:00 Sp R 17.26 1.42 0.0179 1.05 
5/3/16 19:30 Sp H 12.95 0.96 0.0186 1.15 
5/3/16 22:00 Sp F 13.83 0.91 0.0195 1.23 
5/4/16 0:30 Sp F 22.45 2.24 0.0171 0.97 
5/4/16 3:00 Sp L 51.21 5.98 0.0153 0.94 
5/4/16 5:30 Sp R 21.07 1.90 0.0172 0.97 
5/4/16 8:00 Sp H 15.26 1.12 0.0186 1.25 
5/4/16 10:30 Sp F 18.79 0.35 0.0288 2.02 
5/4/16 13:00 Sp F 22.72 2.09 0.0163 0.96 
5/4/16 15:30 Sp L 39.74 4.15 0.0162 1.09 
6/1/16 14:00 S L 37.23 4.44 0.0152 0.81 
6/1/16 16:30 S R 23.22 2.31 0.0165 0.92 
6/1/16 19:00 S H 20.25 1.96 0.0167 0.93 
6/1/16 21:30 S F 19.80 1.89 0.0168 0.94 
6/2/16 0:00 S F 24.84 2.51 0.0164 0.89 
6/2/16 2:30 S L 33.41 3.86 0.0154 0.84 
6/2/16 5:00 S R 26.35 2.78 0.0161 0.89 
6/2/16 7:30 S H 20.75 2.02 0.0166 0.92 
6/2/16 10:00 S F 19.63 1.86 0.0169 0.93 
6/2/16 12:30 S F 25.42 2.63 0.0162 0.89 
6/2/16 15:00 S L 31.61 3.54 0.0160 0.88 
7/21/16 5:33 S F 15.18 1.35 0.0173 1.04 
7/21/16 12:36 S H 16.11 1.38 0.0175 1.03 
7/21/16 12:39 S H 15.70 1.35 0.0175 1.03 
7/21/16 12:40 S H 15.15 1.27 0.0177 1.03 
7/21/16 12:42 S H 15.65 1.34 0.0176 1.04 
7/21/16 12:45 S H 15.42 1.32 0.0175 1.03 
7/21/16 12:50 S H 14.69 1.22 0.0178 1.04 
7/21/16 12:51 S H 13.82 1.15 0.0178 1.02 
7/21/16 12:56 S H 15.98 1.36 0.0176 1.02 
7/21/16 12:58 S H 15.19 1.28 0.0177 1.04 
7/21/16 13:02 S H 14.73 1.37 0.0170 0.84 
7/21/16 13:07 S H 14.18 1.18 0.0178 1.04 
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Supplementary Table C-1f. Values of CDOM absorbance at 300 nm (a300, m-1) 
and 440 nm (a440, m-1), spectral slope (SCDOM), and slope ratio (SR) are presented 
for each sample analyzed from Taskinas Creek separated month, year, season, 
and tide. 
Date/Time Season Tide a300 a440 SCDOM SR 
7/21/16 13:26 S F 15.85 1.36 0.0175 1.03 
7/21/16 13:28 S F 15.10 1.32 0.0174 1.04 
7/21/16 13:35 S F 15.00 1.25 0.0178 1.02 
7/21/16 14:23 S F 17.13 1.51 0.0174 1.03 
7/21/16 14:30 S F 14.33 1.20 0.0177 1.04 
7/21/16 14:36 S F 14.72 1.22 0.0178 1.03 
7/21/16 14:39 S F 14.98 1.27 0.0176 1.03 
7/21/16 15:20 S F 15.47 1.30 0.0177 1.01 
7/21/16 15:23 S F 15.65 1.38 0.0174 1.04 
7/21/16 15:27 S F 15.43 1.31 0.0176 1.02 
7/21/16 15:28 S F 20.28 1.89 0.0170 0.98 
7/21/16 15:29 S F 18.43 1.68 0.0171 1.00 
7/21/16 15:29 S F 15.04 1.26 0.0177 1.02 
7/21/16 15:38 S F 14.61 1.22 0.0178 1.03 
7/21/16 15:40 S F 13.89 1.15 0.0178 1.02 
7/21/16 15:44 S F 14.50 1.22 0.0177 1.04 
7/21/16 15:45 S F 21.11 2.05 0.0167 0.98 
7/21/16 16:15 S F 16.13 1.51 0.0170 1.09 
7/21/16 16:21 S F 16.06 1.37 0.0176 1.01 
7/21/16 16:25 S F 16.70 1.45 0.0175 1.01 
7/21/16 16:31 S F 21.95 2.13 0.0167 0.98 
7/21/16 17:24 S F 25.36 2.57 0.0164 0.93 
7/21/16 17:25 S F 18.28 1.76 0.0167 1.04 
7/21/16 17:31 S F 17.30 1.55 0.0172 1.00 
7/21/16 17:35 S F 17.08 1.52 0.0173 0.99 
7/21/16 18:13 S L 15.25 1.27 0.0178 1.04 
7/21/16 18:15 S L 14.78 1.25 0.0177 1.03 
7/21/16 18:20 S L 30.13 3.17 0.0161 0.89 
7/21/16 18:20 S L 28.00 2.92 0.0162 0.91 
7/21/16 18:22 S L 15.55 1.30 0.0178 1.04 
7/21/16 18:30 S L 18.07 1.71 0.0168 1.03 
7/21/16 18:31 S L 31.54 3.37 0.0160 0.88 
7/21/16 18:38 S L 17.83 1.63 0.0171 1.01 
7/21/16 18:44 S L 17.73 1.61 0.0171 0.99 
7/21/16 18:47 S L 16.77 1.45 0.0175 1.01 
7/21/16 18:50 S L 16.96 1.48 0.0174 0.99 
9/12/16 13:00 F L 20.27 1.87 0.0170 0.96 
9/12/16 18:00 F H 16.35 1.37 0.0177 1.04 
9/13/16 6:30 F H 16.17 1.34 0.0178 1.05 
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Supplementary Table C-1g. Values of CDOM absorbance at 300 nm (a300, m-1) 
and 440 nm (a440, m-1), spectral slope (SCDOM), and slope ratio (SR) are presented 
for each sample analyzed from Taskinas Creek separated month, year, season, 
and tide. 
Date/Time Season Tide a300 a440 SCDOM SR 
11/9/16 11:45 F L 17.71 1.67 0.0169 0.94 
11/9/16 14:15 F R 13.81 1.14 0.0178 1.01 
11/9/16 16:45 F H 13.22 1.07 0.0179 1.02 
11/9/16 19:15 F F 13.33 1.08 0.0179 1.02 
11/9/16 21:45 F F 16.60 1.53 0.0170 0.96 
11/10/16 0:15 F L 18.54 1.82 0.0166 0.92 
11/10/16 2:45 F R 13.41 1.11 0.0178 0.99 
11/10/16 5:15 F R 12.80 1.04 0.0179 1.01 
11/10/16 7:45 F H 12.83 1.03 0.0180 1.00 
11/10/16 10:15 F F 15.48 1.38 0.0172 0.95 
11/10/16 12:45 F L 17.64 1.69 0.0167 0.92 
11/28/16 8:45 F R 12.39 1.16 0.0170 0.98 
11/28/16 9:30 F H 12.18 1.12 0.0170 0.96 
11/28/16 10:30 F F 12.43 1.24 0.0165 0.93 
11/28/16 11:30 F F 12.69 1.23 0.0167 0.93 
11/28/16 12:30 F F 12.20 1.22 0.0165 0.91 
11/28/16 13:30 F F 11.89 1.17 0.0166 0.89 
11/28/16 14:30 F F 13.73 1.61 0.0154 0.90 
11/28/16 15:30 F F 12.91 1.37 0.0160 0.85 
11/28/16 16:30 F L 12.28 1.29 0.0161 0.84 
11/28/16 17:30 F R 12.91 1.41 0.0158 0.85 
11/28/16 18:30 F R 11.75 1.15 0.0166 0.90 
6/15/17 8:00 S L 19.73 1.59 0.0180 0.90 
8/16/17 12:30 S R 17.22 1.35 0.0183 0.97 
8/16/17 13:30 S R 15.97 1.19 0.0187 0.97 
8/16/17 14:30 S R 16.66 1.24 0.0187 0.96 
8/16/17 15:30 S R 15.38 1.21 0.0182 1.07 
8/16/17 16:30 S H 13.71 0.89 0.0199 0.96 
8/16/17 17:30 S F 13.68 0.91 0.0196 0.99 
8/16/17 18:30 S F 15.18 1.30 0.0176 1.11 
8/16/17 19:30 S F 15.87 1.27 0.0180 1.08 
8/16/17 20:30 S F 17.10 1.46 0.0176 1.05 
8/16/17 21:30 S F 22.07 2.11 0.0168 1.00 
8/16/17 22:30 S F 27.83 2.91 0.0161 0.92 
8/16/17 23:30 S L 31.48 3.42 0.0159 0.87 
2/28/18 9:20 S H 10.37 0.82 0.0181 1.08 
2/28/18 15:40 W L 18.38 1.91 0.0162 0.93 
5/15/18 10:30 Sp H 11.50 0.89 0.0183 1.07 
5/15/18 16:00 Sp L 24.46 2.46 0.0164 0.95 
8/10/18 15:30 S L 32.03 3.27 0.0163 0.91 
10/23/18 9:30 F H 20.85 2.06 0.0166 0.91 





Supplementary Table C-2a. Values of CDOM synchronous fluorescence at 300 
nm (SF300, m-1), 350 nm (SF350, m-1), and 490 nm (SF490, m-1), and the ratio of 
SF490 to SF350 (SFR) are presented for each sample analyzed from Taskinas 
Creek separated month, year, season, and tide. 
Date/Time Season Tide SF300 SF350 SF490 SFR 
3/10/14 16:00 Sp R 12.73 4.95 2.09 0.41 
3/10/14 21:00 Sp F 12.06 5.24 2.48 0.43 
3/11/14 2:00 Sp L 17.95 6.50 2.77 0.43 
3/11/14 4:30 Sp R 10.78 4.48 1.96 0.40 
3/11/14 9:30 Sp F 13.06 5.17 2.22 0.40 
4/8/14 15:15 Sp R 2.31 1.14 0.99 0.74 
4/8/14 20:15 Sp F 8.23 4.42 3.32 0.63 
4/9/14 3:45 Sp R 2.70 1.38 1.20 0.65 
4/9/14 6:15 Sp H 11.61 6.12 4.20 0.60 
4/9/14 8:45 Sp F 12.28 5.03 3.22 0.57 
5/7/14 14:15 Sp R 13.03 6.63 3.08 0.41 
5/7/14 19:15 Sp F 12.03 6.42 3.06 0.42 
5/8/14 0:15 Sp L 14.23 6.84 3.37 0.43 
5/8/14 2:45 Sp R 15.26 7.34 3.30 0.43 
5/8/14 7:45 Sp F 12.03 6.51 3.13 0.42 
6/5/14 11:00 S L 7.34 7.81 3.54 0.41 
6/5/14 13:30 S R 7.49 6.37 2.90 0.39 
6/5/14 16:00 S H 7.70 7.10 2.65 0.35 
6/5/14 18:30 S F 7.58 6.58 2.62 0.37 
6/5/14 23:30 S L 7.34 8.15 3.76 0.41 
6/6/14 2:00 S R 7.14 6.93 3.11 0.41 
6/6/14 4:30 S H 6.44 6.58 2.75 0.38 
6/6/14 9:30 S F 13.66 7.77 3.61 0.41 
7/7/14 12:45 S L 8.07 9.01 4.86 0.46 
7/7/14 15:15 S R 7.49 6.62 2.83 0.40 
7/7/14 20:15 S H 6.91 6.12 2.43 0.37 
7/7/14 22:45 S F 7.33 6.75 3.00 0.40 
7/8/14 1:15 S L 7.30 8.19 4.29 0.45 
7/8/14 6:15 S R 6.96 6.33 2.71 0.40 
7/8/14 8:45 S F 6.40 6.97 2.92 0.39 
7/8/14 11:15 S F 8.09 7.57 3.54 0.42 
8/5/14 12:00 S L 9.09 10.27 4.67 0.42 
8/5/14 14:30 S R 7.15 6.87 2.83 0.38 
8/5/14 19:30 S H 6.36 6.46 2.60 0.38 
8/5/14 22:00 S F 9.56 7.63 3.36 0.40 
8/6/14 0:30 S L 8.45 9.62 4.56 0.41 
8/6/14 5:30 S R 7.18 6.63 2.76 0.39 
8/6/14 8:00 S H 6.07 6.47 2.59 0.37 
8/6/14 10:30 S F 8.05 7.84 3.40 0.39 
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Supplementary Table C-2b. Values of CDOM synchronous fluorescence at 300 
nm (SF300, m-1), 350 nm (SF350, m-1), and 490 nm (SF490, m-1), and the ratio of 
SF490 to SF350 (SFR) are presented for each sample analyzed from Taskinas 
Creek separated month, year, season, and tide. 
Date/Time Season Tide SF300 SF350 SF490 SFR 
9/3/14 19:15 F H 7.56 6.79 3.00 0.41 
9/3/14 21:45 F F 8.14 7.63 3.37 0.41 
9/4/14 0:15 F L 9.23 8.68 3.93 0.42 
9/4/14 2:45 F R 8.61 7.09 3.06 0.41 
9/4/14 5:15 F R 8.33 7.13 3.18 0.42 
9/4/14 10:15 F F 8.34 7.93 3.48 0.41 
9/4/14 12:45 F L 9.66 9.11 3.99 0.41 
10/2/14 11:30 F L 6.88 7.48 3.32 0.40 
10/2/14 16:30 F R 6.59 5.89 2.42 0.38 
10/2/14 19:00 F H 6.81 5.89 2.39 0.38 
10/2/14 21:30 F F 7.06 6.79 3.02 0.41 
10/3/14 0:00 F L 7.45 7.53 3.42 0.40 
10/3/14 2:30 F R 6.64 6.18 2.57 0.39 
10/3/14 5:00 F R 6.61 6.26 2.62 0.39 
10/3/14 10:00 F F 7.39 6.72 2.97 0.41 
11/3/14 13:45 F L 8.25 6.87 2.65 0.34 
11/3/14 16:15 F R 6.59 5.67 1.99 0.34 
11/3/14 18:45 F H 5.76 5.50 1.91 0.33 
11/3/14 21:15 F F 6.10 5.45 1.92 0.34 
11/4/14 2:15 F L 7.57 7.01 2.86 0.36 
11/4/14 4:45 F R 6.06 5.54 2.05 0.34 
11/4/14 7:15 F R 5.67 5.52 1.88 0.33 
11/4/14 12:15 F F 6.63 6.02 2.26 0.34 
11/26/14 0:00 F H 5.56 4.61 1.70 0.35 
11/26/14 3:00 F F 6.54 4.76 1.79 0.36 
11/26/14 6:00 F L 6.00 4.85 2.11 0.38 
11/26/14 12:00 F R 5.03 4.25 1.51 0.33 
11/26/14 18:00 F F 8.15 5.74 2.62 0.40 
11/26/14 21:00 F R NA NA NA NA 
11/27/14 6:00 F F 10.43 7.13 3.80 0.43 
11/27/14 12:00 F R 5.97 4.86 1.63 0.32 
11/27/14 18:00 F F 7.97 6.00 2.52 0.37 
11/28/14 0:00 F F 7.22 5.11 1.88 0.34 
12/3/14 14:30 W L 6.79 5.81 2.49 0.38 
12/3/14 17:00 W R 6.58 4.97 1.76 0.34 
12/3/14 19:30 W H 6.54 4.68 1.66 0.34 
12/3/14 22:00 W F 7.25 5.44 2.28 0.38 
12/4/14 3:00 W L 6.31 5.61 2.34 0.37 
12/4/14 5:30 W R 6.28 4.84 1.73 0.34 
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Supplementary Table C-2c. Values of CDOM synchronous fluorescence at 300 
nm (SF300, m-1), 350 nm (SF350, m-1), and 490 nm (SF490, m-1), and the ratio of 
SF490 to SF350 (SFR) are presented for each sample analyzed from Taskinas 
Creek separated month, year, season, and tide. 
Date/Time Season Tide SF300 SF350 SF490 SFR 
12/4/14 13:00 W F 13.89 4.94 1.70 0.33 
1/14/15 11:30 W L 8.79 5.04 2.13 0.37 
1/14/15 14:00 W R 9.73 4.88 1.79 0.34 
1/14/15 16:30 W H 8.26 4.74 1.72 0.34 
1/14/15 21:30 W F 9.66 4.93 1.88 0.35 
1/15/15 2:30 W R 10.28 4.96 1.87 0.35 
1/15/15 5:00 W H 8.36 4.55 1.59 0.33 
1/15/15 10:00 W F 17.23 5.68 2.27 0.37 
3/12/15 15:15 Sp H 7.70 4.00 1.76 0.39 
3/12/15 17:45 Sp F 8.38 4.22 1.86 0.40 
3/12/15 20:15 Sp F 7.56 5.22 2.67 0.44 
3/12/15 22:45 Sp L 7.76 5.63 2.93 0.44 
3/13/15 1:15 Sp R 8.15 4.27 1.88 0.39 
3/13/15 3:45 Sp H 8.72 4.17 1.75 0.41 
3/13/15 6:15 Sp F 8.76 4.36 1.88 0.39 
3/13/15 11:15 Sp L 8.93 5.87 2.94 0.43 
5/12/15 12:30 Sp L 14.87 8.36 4.10 0.43 
5/12/15 15:00 Sp R 6.43 4.45 1.98 0.41 
5/12/15 17:30 Sp R 6.82 4.19 1.83 0.40 
5/12/15 22:30 Sp F 7.44 5.59 2.74 0.44 
5/13/15 1:00 Sp L 10.44 8.04 4.07 0.44 
5/13/15 3:30 Sp R 5.21 4.34 1.92 0.40 
5/13/15 6:00 Sp R 5.91 4.11 1.70 0.39 
5/13/15 11:00 Sp F 8.60 5.05 2.33 0.41 
6/10/15 12:00 S L 8.52 9.24 5.28 0.49 
6/10/15 14:30 S R 6.60 5.73 2.68 0.43 
6/10/15 17:00 S H 5.64 4.96 2.15 0.40 
6/10/15 22:00 S F 7.26 6.64 3.28 0.44 
6/11/15 0:30 S L 9.05 9.32 4.89 0.45 
6/11/15 3:00 S R 6.59 5.59 2.63 0.43 
6/11/15 5:30 S H 5.25 5.22 2.31 0.40 
6/11/15 10:30 S F NA NA NA NA 
7/8/15 10:45 S L 8.86 9.53 4.99 0.44 
7/8/15 13:15 S R 7.08 6.37 2.81 0.40 
7/8/15 15:45 S H 6.49 5.72 2.36 0.39 
7/8/15 18:15 S F 7.20 5.72 2.43 0.39 
7/8/15 23:15 S L 8.66 9.39 4.78 0.44 
7/9/15 1:45 S R 6.98 6.32 2.86 0.41 
7/9/15 4:15 S H 6.72 5.90 2.56 0.40 
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Supplementary Table C-2d. Values of CDOM synchronous fluorescence at 300 
nm (SF300, m-1), 350 nm (SF350, m-1), and 490 nm (SF490, m-1), and the ratio of 
SF490 to SF350 (SFR) are presented for each sample analyzed from Taskinas 
Creek separated month, year, season, and tide. 
Date/Time Season Tide SF300 SF350 SF490 SFR 
2/1/16 10:45 W L 12.88 4.82 2.41 0.43 
2/1/16 13:15 W R 8.27 4.60 1.95 0.38 
2/1/16 15:45 W H 7.17 4.59 1.85 0.36 
2/1/16 18:15 W R 6.79 4.44 1.87 0.37 
2/1/16 20:45 W R 6.56 4.42 2.00 0.39 
2/1/16 23:15 W L 6.80 4.53 2.03 0.39 
2/2/16 1:45 W R NA NA NA NA 
2/2/16 4:15 W R NA NA NA NA 
2/2/16 6:45 W F NA NA NA NA 
2/2/16 9:15 W F 10.98 4.93 2.12 0.38 
2/2/16 11:45 W L 7.40 4.65 2.21 0.41 
2/2/16 14:15 W R 7.41 4.74 2.19 0.40 
2/17/16 13:00 W L 7.21 5.57 3.55 0.53 
2/17/16 15:30 W R 6.31 3.98 1.91 0.42 
2/17/16 18:00 W H 6.20 3.74 1.69 0.40 
2/17/16 20:30 W F 6.08 3.87 1.78 0.40 
2/17/16 23:00 W F 9.09 5.44 3.19 0.49 
2/18/16 1:30 W R 7.39 5.77 3.36 0.49 
2/18/16 4:00 W R 5.71 3.83 1.84 0.41 
2/18/16 6:30 W R 5.90 3.72 1.68 0.39 
2/18/16 9:00 W F 5.78 3.96 1.84 0.41 
2/18/16 11:30 W F 6.51 4.51 2.25 0.43 
2/18/16 14:00 W L NA NA NA NA 
3/7/16 15:45 Sp L 5.96 4.55 2.41 0.45 
3/7/16 18:15 Sp R 7.09 3.44 1.59 0.41 
3/7/16 20:45 Sp H 5.39 3.38 1.50 0.40 
3/7/16 23:15 Sp F 6.62 3.44 1.56 0.41 
3/8/16 1:45 Sp F 5.77 4.21 2.25 0.45 
3/8/16 4:15 Sp L 5.44 4.68 2.59 0.47 
3/8/16 6:45 Sp R 4.96 3.49 1.62 0.42 
3/8/16 9:15 Sp H 5.23 3.34 1.49 0.40 
3/8/16 11:45 Sp F 7.16 3.41 1.49 0.39 
3/8/16 14:15 Sp F 5.15 4.11 2.10 0.44 
3/8/16 16:45 Sp L 5.51 4.45 2.33 0.45 
4/13/16 11:00 Sp L 4.66 3.79 1.80 0.43 
4/13/16 13:30 Sp R 4.62 3.76 1.86 0.44 
4/13/16 16:00 Sp H 6.21 4.88 2.70 0.48 
4/13/16 18:30 Sp F 6.49 5.28 3.14 0.50 
4/13/16 21:00 Sp F 4.54 3.68 1.85 0.44 
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Supplementary Table C-2e. Values of CDOM synchronous fluorescence at 300 
nm (SF300, m-1), 350 nm (SF350, m-1), and 490 nm (SF490, m-1), and the ratio of 
SF490 to SF350 (SFR) are presented for each sample analyzed from Taskinas 
Creek separated month, year, season, and tide. 
Date/Time Season Tide SF300 SF350 SF490 SFR 
4/14/16 2:00 Sp R 4.39 3.50 1.70 0.44 
4/14/16 4:30 Sp H 6.09 4.81 2.64 0.47 
4/14/16 7:00 Sp F 6.55 5.20 3.04 0.50 
4/14/16 9:30 Sp F 6.67 4.99 3.12 0.53 
4/14/16 12:00 Sp L 5.05 4.09 2.14 0.46 
5/3/16 14:30 Sp L 17.30 7.60 6.17 0.65 
5/3/16 17:00 Sp R 11.04 4.37 2.34 0.48 
5/3/16 19:30 Sp H 12.94 3.70 1.72 0.44 
5/3/16 22:00 Sp F 16.67 3.89 1.77 0.44 
5/4/16 0:30 Sp F 23.84 5.16 3.09 0.53 
5/4/16 3:00 Sp L 28.15 8.40 6.09 0.60 
5/4/16 5:30 Sp R 10.87 5.00 3.21 0.55 
5/4/16 8:00 Sp H NA NA NA NA 
5/4/16 10:30 Sp F NA NA NA NA 
5/4/16 13:00 Sp F 16.88 5.91 3.24 0.49 
5/4/16 15:30 Sp L 18.28 7.12 5.00 0.58 
6/1/16 14:00 S L 7.00 7.19 4.68 0.54 
6/1/16 16:30 S R 5.67 5.77 3.21 0.48 
6/1/16 19:00 S H 5.49 5.37 2.68 0.44 
6/1/16 21:30 S F 5.40 5.37 2.74 0.46 
6/2/16 0:00 S F 6.07 6.35 3.61 0.49 
6/2/16 2:30 S L 7.43 7.43 4.88 0.54 
6/2/16 5:00 S R 7.28 6.58 3.88 0.50 
6/2/16 7:30 S H 5.60 5.54 2.97 0.46 
6/2/16 10:00 S F NA NA NA NA 
6/2/16 12:30 S F 7.26 6.66 3.76 0.49 
6/2/16 15:00 S L 6.62 6.97 4.53 0.54 
7/21/16 5:33 S F 4.95 4.81 2.15 0.42 
7/21/16 12:36 S H 6.79 5.04 2.29 0.43 
7/21/16 12:39 S H 5.65 4.97 2.30 0.43 
7/21/16 12:40 S H 5.74 4.92 2.22 0.42 
7/21/16 12:42 S H 6.32 4.94 2.27 0.42 
7/21/16 12:45 S H 5.73 4.81 2.26 0.43 
7/21/16 12:50 S H 6.84 4.69 2.06 0.41 
7/21/16 12:51 S H 5.22 4.50 2.01 0.42 
7/21/16 12:56 S H 6.23 5.19 2.35 0.42 
7/21/16 12:58 S H 5.32 4.59 2.11 0.42 
7/21/16 13:02 S H 6.70 4.46 1.93 0.41 
7/21/16 13:07 S H 5.09 4.34 1.97 0.43 
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Supplementary Table C-2f. Values of CDOM synchronous fluorescence at 300 
nm (SF300, m-1), 350 nm (SF350, m-1), and 490 nm (SF490, m-1), and the ratio of 
SF490 to SF350 (SFR) are presented for each sample analyzed from Taskinas 
Creek separated month, year, season, and tide. 
Date/Time Season Tide SF300 SF350 SF490 SFR 
7/21/16 13:26 S F 6.03 5.07 2.27 0.41 
7/21/16 13:28 S F 5.53 4.77 2.11 0.41 
7/21/16 13:35 S F 5.70 4.84 2.18 0.42 
7/21/16 14:23 S F 6.37 5.37 2.46 0.42 
7/21/16 14:30 S F 4.93 4.71 2.14 0.42 
7/21/16 14:36 S F 5.23 4.74 2.12 0.41 
7/21/16 14:39 S F 5.23 4.75 2.16 0.42 
7/21/16 15:20 S F 5.37 4.86 2.17 0.41 
7/21/16 15:23 S F 5.44 4.85 2.17 0.41 
7/21/16 15:27 S F 5.38 4.86 2.20 0.42 
7/21/16 15:28 S F 8.42 6.06 2.93 0.44 
7/21/16 15:29 S F 6.02 5.66 2.65 0.43 
7/21/16 15:29 S F 5.26 4.85 2.22 0.42 
7/21/16 15:38 S F 4.94 4.63 2.08 0.41 
7/21/16 15:40 S F 4.74 4.52 1.98 0.41 
7/21/16 15:44 S F 5.08 4.63 2.09 0.41 
7/21/16 15:45 S F 7.30 6.27 2.93 0.43 
7/21/16 16:15 S F 7.43 4.92 2.17 0.41 
7/21/16 16:21 S F 5.89 4.88 2.19 0.41 
7/21/16 16:25 S F 5.46 5.17 2.40 0.42 
7/21/16 16:31 S F 7.05 6.33 3.06 0.44 
7/21/16 17:24 S F 7.25 7.02 3.56 0.44 
7/21/16 17:25 S F 6.25 5.53 2.55 0.42 
7/21/16 17:31 S F 6.00 5.25 2.46 0.44 
7/21/16 17:35 S F 5.76 5.28 2.48 0.43 
7/21/16 18:13 S L 5.22 4.84 2.13 0.41 
7/21/16 18:15 S L 5.24 4.74 2.03 0.40 
7/21/16 18:20 S L 8.16 7.73 4.00 0.45 
7/21/16 18:20 S L 7.74 7.50 3.84 0.44 
7/21/16 18:22 S L 6.58 4.88 2.20 0.42 
7/21/16 18:30 S L 6.28 5.45 2.52 0.43 
7/21/16 18:31 S L 8.21 8.08 4.27 0.45 
7/21/16 18:38 S L 5.82 5.39 2.57 0.43 
7/21/16 18:44 S L 5.90 5.39 2.56 0.43 
7/21/16 18:47 S L 5.76 5.22 2.45 0.43 
7/21/16 18:50 S L 5.53 5.19 2.39 0.42 
9/12/16 13:00 F L 7.70 6.83 3.29 0.43 
9/12/16 18:00 F H 7.31 5.65 2.70 0.44 
9/13/16 6:30 F H 7.39 5.69 2.79 0.45 
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Supplementary Table C-2g. Values of CDOM synchronous fluorescence at 300 
nm (SF300, m-1), 350 nm (SF350, m-1), and 490 nm (SF490, m-1), and the ratio of 
SF490 to SF350 (SFR) are presented for each sample analyzed from Taskinas 
Creek separated month, year, season, and tide. 
Date/Time Season Tide SF300 SF350 SF490 SFR 
11/9/16 11:45 F L 6.09 4.78 2.24 0.40 
11/9/16 14:15 F R 6.56 5.42 2.66 0.42 
11/9/16 16:45 F H 6.33 5.28 2.53 0.41 
11/9/16 19:15 F F 5.91 4.39 1.69 0.35 
11/9/16 21:45 F F 5.65 4.24 1.67 0.36 
11/10/16 0:15 F L 5.64 4.30 1.68 0.36 
11/10/16 2:45 F R 6.34 5.09 2.27 0.39 
11/10/16 5:15 F R 6.71 5.48 2.71 0.42 
11/10/16 7:45 F H 5.49 4.38 1.88 0.39 
11/10/16 10:15 F F 5.54 4.26 1.77 0.38 
11/10/16 12:45 F L 5.64 4.23 1.72 0.37 
11/28/16 8:45 F R 1.60 2.89 1.81 0.51 
11/28/16 9:30 F H 1.85 2.93 1.59 0.45 
11/28/16 10:30 F F 1.70 2.94 1.55 0.45 
11/28/16 11:30 F F 2.42 2.96 1.60 0.45 
11/28/16 12:30 F F 1.61 2.87 1.58 0.44 
11/28/16 13:30 F F 1.83 3.13 1.67 0.45 
11/28/16 14:30 F F 2.33 3.46 1.75 0.42 
11/28/16 15:30 F F 1.54 3.23 1.89 0.47 
11/28/16 16:30 F L 3.72 4.02 2.17 0.46 
11/28/16 17:30 F R 2.04 3.37 1.89 0.46 
11/28/16 18:30 F R 1.57 2.88 1.52 0.44 
6/15/17 8:00 S L 8.02 6.13 3.32 0.48 
8/16/17 12:30 S R 6.28 5.70 3.02 0.48 
8/16/17 13:30 S R 6.14 5.39 2.56 0.44 
8/16/17 14:30 S R 6.13 5.40 2.68 0.45 
8/16/17 15:30 S R 6.15 5.08 2.19 0.41 
8/16/17 16:30 S H 5.75 5.07 2.33 0.44 
8/16/17 17:30 S F 5.67 5.07 2.17 0.41 
8/16/17 18:30 S F 6.48 5.05 2.19 0.41 
8/16/17 19:30 S F 6.74 5.28 2.37 0.42 
8/16/17 20:30 S F 6.17 5.59 2.58 0.43 
8/16/17 21:30 S F 7.75 6.29 3.23 0.45 
8/16/17 22:30 S F 6.91 7.17 4.07 0.48 
8/16/17 23:30 S L 7.12 7.63 4.41 0.48 
2/28/18 9:20 S H NA NA NA NA 
2/28/18 15:40 W L NA NA NA NA 
5/15/18 10:30 Sp H 5.48 3.51 1.70 0.44 
5/15/18 16:00 Sp L 8.86 6.47 3.52 0.48 
8/10/18 15:30 S L 7.45 5.85 2.92 0.42 
10/23/18 9:30 F H 6.71 6.16 3.15 0.43 






Supplementary Table C-3a. Values of the fluorescence maxima (Fmax) of each 
of the EEM components for each sample analyzed from Taskinas Creek 
separated month, year, season, and tide. 
Date/Time Season Tide Fmax1 Fmax2 Fmax3 Fmax4 Fmax5 
3/10/14 16:00 Sp R 0.84 0.34 0.48 0.15 0.20 
3/11/14 4:30 Sp R 0.63 0.29 0.42 0.11 0.18 
4/8/14 15:15 Sp R 1.38 0.49 0.68 0.26 0.21 
4/9/14 3:45 Sp R 0.68 0.31 0.49 0.13 0.21 
5/7/14 14:15 Sp R 1.10 0.45 0.65 0.18 0.21 
5/8/14 0:15 Sp L 1.12 0.46 0.68 0.19 0.23 
5/8/14 7:45 Sp F 1.19 0.47 0.68 0.20 0.25 
6/5/14 18:30 S F 1.05 0.49 0.73 0.18 0.10 
6/6/14 9:30 S F 1.10 0.48 0.74 0.19 0.13 
7/7/14 15:15 S R 1.33 0.56 0.83 0.24 0.13 
7/8/14 6:15 S R 1.60 0.62 0.92 0.28 0.13 
7/8/14 11:15 S F 0.95 0.44 0.70 0.17 0.12 
8/5/14 14:30 S R 1.18 0.55 0.72 0.22 0.14 
8/5/14 22:00 S F 0.87 0.44 0.63 0.16 0.10 
8/6/14 5:30 S R 1.69 0.68 0.83 0.31 0.14 
8/6/14 10:30 S F 0.89 0.45 0.62 0.17 0.12 
9/3/14 19:15 F H 1.18 0.53 0.89 0.21 0.16 
9/4/14 0:15 F L 1.04 0.47 0.83 0.19 0.19 
9/4/14 5:15 F R 1.39 0.59 1.03 0.25 0.20 
9/4/14 12:45 F L 1.03 0.46 0.79 0.19 0.22 
10/2/14 16:30 F R 1.01 0.45 0.76 0.18 0.12 
10/2/14 21:30 F F 0.88 0.42 0.72 0.16 0.12 
10/3/14 2:30 F R 1.22 0.52 0.82 0.22 0.13 
10/3/14 10:00 F F 0.88 0.42 0.72 0.16 0.12 
11/3/14 16:15 F R 0.85 0.38 0.62 0.16 0.09 
11/3/14 21:15 F F 0.69 0.35 0.61 0.12 0.09 
11/4/14 4:45 F R 1.11 0.45 0.68 0.19 0.09 
11/4/14 12:15 F F 0.75 0.36 0.60 0.14 0.10 
11/26/14 3:00 F F 0.64 0.31 0.55 0.12 0.10 
11/26/14 12:00 F R 0.62 0.30 0.53 0.11 0.10 
11/26/14 21:00 F R 0.87 0.36 0.56 0.16 0.09 
11/27/14 12:00 F R 0.66 0.32 0.55 0.12 0.10 
11/28/14 0:00 F F 0.78 0.34 0.54 0.14 0.13 
12/3/14 17:00 W R 0.62 0.30 0.53 0.11 0.12 
12/3/14 19:30 W H 0.80 0.34 0.52 0.14 0.15 
12/4/14 3:00 W L 0.70 0.33 0.53 0.13 0.16 
12/4/14 8:00 W H 0.66 0.28 0.46 0.12 0.12 
1/14/15 11:30 W L 0.62 0.27 0.43 0.11 0.13 
1/14/15 16:30 W H 1.08 0.38 0.54 0.20 0.13 
1/15/15 2:30 W R 0.68 0.28 0.46 0.12 0.13 
3/12/15 22:45 Sp L 0.75 0.19 0.45 0.11 0.06 
3/13/15 11:15 Sp L 1.42 0.52 0.87 0.25 0.13 
5/12/15 15:00 Sp R 0.87 0.39 0.67 0.16 0.09 
5/12/15 22:30 Sp F 2.08 0.68 1.13 0.36 0.14 
5/13/15 3:30 Sp R 0.99 0.40 0.72 0.18 0.12 
5/13/15 11:00 Sp F 1.43 0.58 0.92 0.25 0.13 
6/10/15 14:30 S R 0.94 0.42 0.71 0.17 0.11 
6/10/15 22:00 S F 1.93 0.69 1.04 0.34 0.13 
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Supplementary Table C-3b. Values of the fluorescence maxima (Fmax) of each 
of the EEM components for each sample analyzed from Taskinas Creek 
separated month, year, season, and tide. 
Date/Time Season Tide Fmax1 Fmax2 Fmax3 Fmax4 Fmax5 
6/11/15 3:00 S R 1.07 0.47 0.77 0.19 0.12 
6/11/15 5:30 S H 0.95 0.32 0.47 0.17 0.17 
6/1/16 16:30 S R 1.02 0.46 0.79 0.17 0.11 
6/2/16 15:00 S L 1.19 0.51 0.86 0.20 0.11 
7/21/16 12:39 S H 1.87 0.66 1.12 0.30 0.12 
7/21/16 17:25 S F 0.93 0.41 0.76 0.16 0.17 
7/21/16 18:15 S L 0.61 0.29 0.50 0.11 0.10 
7/21/16 18:20 S L 0.62 0.30 0.51 0.12 0.10 
7/21/16 18:20 S L 0.76 0.34 0.50 0.15 0.11 
7/21/16 18:22 S L 0.57 0.29 0.49 0.11 0.09 
7/21/16 18:30 S L 0.91 0.37 0.56 0.17 0.11 
7/21/16 18:31 S L 1.36 0.46 0.63 0.27 0.14 
7/21/16 18:38 S L 1.25 0.45 0.61 0.25 0.14 
7/21/16 18:44 S L 0.65 0.32 0.56 0.12 0.11 
7/21/16 18:47 S L 0.88 0.38 0.58 0.17 0.12 
7/21/16 18:50 S L 0.71 0.33 0.56 0.14 0.18 
9/12/16 13:00 F L 1.00 0.36 0.15 0.17 0.00 
9/13/16 6:30 F H 0.65 0.27 0.07 0.11 0.01 
11/9/16 14:15 F R 1.08 0.37 0.17 0.19 0.00 
11/9/16 21:45 F F 0.66 0.26 0.05 0.11 0.00 
11/10/16 5:15 F R 0.87 0.37 0.27 0.16 0.03 
11/10/16 10:15 F F 1.21 0.46 0.38 0.23 0.02 
11/28/16 8:45 F R 1.14 0.47 0.85 0.21 0.12 
11/28/16 9:30 F H 1.08 0.46 0.86 0.19 0.13 
11/28/16 10:30 F F 1.10 0.45 0.85 0.19 0.13 
11/28/16 11:30 F F 0.97 0.42 0.80 0.17 0.13 
11/28/16 12:30 F F 0.96 0.42 0.83 0.16 0.12 
11/28/16 13:30 F F 0.93 0.43 0.82 0.16 0.13 
11/28/16 14:30 F F 0.93 0.41 0.80 0.16 0.11 
11/28/16 15:30 F F 0.99 0.55 0.89 0.19 0.18 
11/28/16 16:30 F L 1.10 0.47 0.88 0.20 0.13 
11/28/16 17:30 F R 1.42 0.55 0.93 0.26 0.12 
11/28/16 18:30 F R 1.81 0.61 1.02 0.33 0.12 
8/16/17 12:30 S R 1.60 0.56 0.87 0.25 0.11 
8/16/17 13:30 S R 0.98 0.26 0.00 0.17 0.00 
8/16/17 14:30 S R 0.70 0.31 0.55 0.12 0.11 
8/16/17 15:30 S R 1.58 0.58 0.94 0.26 0.15 
8/16/17 16:30 S H 1.18 0.51 0.91 0.19 0.15 
8/16/17 17:30 S F 2.01 0.71 1.17 0.32 0.17 
8/16/17 18:30 S F 1.36 0.52 0.76 0.22 0.15 
8/16/17 20:30 S F 0.65 0.27 0.04 0.11 0.02 
8/16/17 22:30 S F 0.64 0.26 0.06 0.11 0.01 
2/28/18 9:20 S H 0.66 0.27 0.06 0.11 0.02 
5/15/18 10:30 Sp H 0.79 0.28 0.17 0.12 0.01 
8/10/18 9:30 S H 0.80 0.27 0.13 0.13 0.02 
10/23/18 9:30 F H 0.66 0.25 0.11 0.10 0.03 
10/23/18 15:50 F L 1.43 0.54 0.94 0.25 0.16 
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Supplementary Table C-4. Values of d13CDOC and d 13CDIC for each sample 
analyzed from Taskinas Creek separated date, season, and tide. 
 
Date Season Tide d13CDOC d13CDIC 
2/28/2018 W L -26.93 -6.97 
2/28/2018 W L -27.96 -7.12 
2/28/2018 W H -26.54 -3.47 
2/28/2018 W H -28.53 -3.12 
5/15/2018 Sp L -27.24 -7.30 
5/15/2018 Sp L -26.95 -7.20 
5/15/2018 Sp H -26.31 -3.58 
5/15/2018 Sp H -27.24 -7.30 
8/10/2018 S L -30.08 -7.93 
8/10/2018 S L -32.25 -7.50 
8/10/2018 S H -25.64 -6.84 
8/10/2018 S H -25.80 -6.97 
10/23/2018 F L -25.82 -9.43 
10/23/2018 F L -25.59 -9.69 
10/23/2018 F H -26.11 -8.42 












Fluorescent dissolved organic matter (fDOM) measurements (raw in quinine 
sulfate unites (QSU)) taken in situ at Taskinas Creek with date/time. 
Please see associated digital appendix. 
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